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With THE TECHNICAL ASSISTANCE OF Ii. RENERTS 


{fte) fluorocarbon homoaden ~ation of human le ukemie and tumoral cells, 
fwo main fractions were separated, one a honucleic acid—rich and the other a 
protein ch fraction. Since weak antiaqenicity had been found previously in 


th RN A-rich fract on, antigen analysis of the prote in moiety was atte mpted,. 
When tested by a ael diffusion method against both animal antisera prepare d 
with proteins from maliqnant eclls and against antisera prepared with proteins 
om normal tissues, the tumoral proteins showed antiqens common to both nor 
mal and maliqnant fractions and, in addition, antigens specific for the malignant 
actions. The normal antigens, but not the maliqnant ones, could be removed 
from the whole malignant protcin extract by absorption of the latter with animal 
antinormal gamma globulin. The specific antigens found in solid tumors were 
different from the ones found in leukemias and, within the leukemias, there were 


different antiaqens in acute stem cell and in chronic lymphatic le ukemias. 


rN PREVIOUS reports’ , several interesting biologie properties of é 


nucleie acid (RNA) fraction obtained by extensive fluorocarbon homogeniza- 


on of human lJeukemie and tumoral cells were presented. These included 


lopathogenieity for cultures of human amnion cells and leukemogenic and 


cogeni¢ activity in leukemia- and tumor-free strains of mice. Rabbit antisera 


oduced with a mierosomal fraction from human leukemie cells was shown to 
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he eVtotoxle for the homologous leukemie eells in-vitro. When the RNA frae 
tion Was used to immunize animals, weak neutralizing antibodies and precipitins 
were obtained. On the other hand this fraetion displaved a marked hemag 
elutinating capacity for fresh rabbit erythrocytes. 

Although antigenicity of nucleie acid preparations has been reported, 
none of these preparations could be considered entirely protein hree, 

In our preparations the amount of protein, if any, falls be vond the limit 
of sensitivity of reactions for protein detection (less than O.1 per cent) and the 
nitrogen to phosphorus ratios account onl for nucleotide nitrogen. llowever, 
since the least amount of protein required in a preparation to be antigenic is o| 
the order of 0.1 we per cent, it is still possible that most or all of the antigenle ae 
tivity of the RNA preparation might be due to traces of protem 

Beeause of the potential leukemovenie or oncovenle aetivits of the RNA 
fraction and ‘‘its’” weak antigenicity, it was decided to study the antigenic 
properties of the protein fraction obtained from thioroearbon homogenization 


of tumoral tissue or leukemie cells. 


METHODS AND MATERIALS 


The preparation of a protein fraction from human leukemic and tumoral cells and 
trol normal tissues derived from the method of homogenization vit a fluorocarbon 
high speed employed to extract a nueleie acid fraction.2-4 The latter method was deseribed 
in full detail before’. 4 and only the details which pertain to the preparation of the prot 


fraction will be given here. 


Leukemie blood and tumor suspensions were mixed with the fluorocarbon trifluot 


trichloroethane® at speeds of 45,000 to 70,000 rp.m. at 2° C. in air turbine homogenizers, 

\fter centrifugation, the homogenate separates in three layers: a supernatant fluid to ty 
re-extracted, a middle gel layer of protein precipitate which is collected, and an undernatant 
of exeess of fluorocarbon whieh is discarded. The extraction of the supernatant fluid) cor 
tinues until it does not vield middle protein layer any more, Ten to sixteen extraetions mig 

he required. The protein layers from the several extractions are mixed and stirred vigorous! 
at 2° €. \ result of this stirring is that fluorocarbon is expressed out of its semisol 

emulsion with the proteins and can be decanted freely. To the protein is then added chilled 
O15M phosphate buffer, pH 7.2. After resuspending, the mixture is centrifuged in a PR-2 
International centrifuge at 1,800 rp.m. for 10 minutes (2° C.), The supernatant fluid 1 
saved and the precipitate is again vigorously stirred to express more fluorocarbon. TI 
supernatant fluid is added again to the protein gel. This process is continued until no mor 
Huorocarbon can be separated from the protein cake, In the absence of the fluoroearbor 
about 70 per cent of the protein can be redissolved in the buffered supernatant. The tot: 


protein nitrogen is determined and the concentration is adjusted to 0.5 mg. of protein px 
milliliter. 

Protein preparations were obtained by this method from 388 patients with leukemia at 
individuals with different solid tumors. Of the leukemias 6 were chronic Iymphatie 
adults and 32 acute, of which 18 were in children (1 of these congenital) and 14 in adult 
Of the tumors 29 were e¢arcinomas 


(26 adenocarcinomas) and 4+ sarcomas. 





Preparation of Tumoral or Leukemie futigen. Tumor tissue obtained at = surgic: 
operation is cleaned, finely minced, and suspended in 0.15M > phosphate buffer, pH 7.2, 
1:20 weight:volume ratio. To one volume of this suspension or of whole leukemic blood 


added one volume of fluorocarbon. 








*(jenetron No. 113, General Chemical Division, Allied Chemical and Dye Corporation, Ne 
N. ¥ 


York, 
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Phe protein is separated and the resulting product, labeled **cerude tumor extract”? 
CTE) or *terude leukemie extract?’ (CLE 


is kept at 2° C., 
Purification of Crude Kartracts, The 


crude extracts are absorbed 
animal serun 


on an antinormal 


or partial or total removal of normal antigenic components. 


Preparation of fntinormal Animal Scrum.—Roller tube primary eultures of human 
imnion cells are prepared by growing trypsinized amnion cell suspensions (106 cells pet 
milliliter) in a medium of NCTC 109 solution 


and 10 per cent ealf serum. Solid 
scraped off with a Teflon 
solution, and extracted with 


sheets of 
Hanks 
manner described for tumoral 
ew Zealand), goats (110 


to 10-day-old) cultures are policeman, resuspended it 
fluorocarbon in the 
or leukemic cells. Rabbits (10 pound white N 


mlanced sult 


pound Toggenburg 
and donkeys (500° pound Mexiean) are injected with this extract of normal amnion cells 
ntravenously on 4 


consecutive days and then once a week for a total of 7 injections. Pre 
Mmune serum (S,) and sera of the fifth (S,), eleventh (S and eighteenth (S,) day are 
ested against the antigen by the gel 


diffusion method indicated below. If antibodies can 
he demonstrated, the animals are bled one week after the last injection; the serum is quickly 
separated and frozen. 


Lbsorption of the Crude Tumoral o7 Leuk mic Ertract. Whole serum o1 the amma 
globulin fraction extracted hy ethanol have been used for the absorption of normal eom 
wonents from the erude malignant extract, Nine parts of this extract and 


me part of anti 
ormal rabbit serum, or of the 16 per cent solution of its gamma globulin fraction are 


» mixed, 
stirred thoroughly. and ineubated at 2° C, 


2 overnight. The mixture is then centrifuged at 
1000 ¢ for ZO minutes, Po the supernatant fluid is then added antinormal rabbit) serum 
>=] and the absorption is repeated until, upon centrifugation, the precipitate is reduced 
» become barely visible. The final supernatant fluid is the purified tumor extract. 
Gel Diffusion Vi thod. The 


modification of the Ouchterlony technique by Korngold! 
as been adopted. Stainless steel reservoirs replace wells carved in the agar. A distance of 
Sem. from the center of the central 


strietly observed. The plates are 


«st 


ata certain degree oft 


reservoir to the center of enel peripheral reservoir ous 


prepared and left to ‘* ripen’? 


for about 5 davs. It seems 
ervstallization of the agar 


promotes quicker and more uniform 

fusion. The reservoirs are refilled after 2 or 3 days. The plates are incubated at 25° ©, 
nd read daily from the fifth to the tenth day. 

The immunization of animals with purified tumoral or leukemic extract followed the 


same scheme presented for the production of antinormal serum. The dose is 0.1 mg. of 


rotein per pound of hody weight, 


RESULTS 

The production of antibodies in the animals against normal or malignant 
xtracts is indicated by the appearanee of lines in the agar plates. Sinee visible 
recipitation in the agar depends on a minimal fixed amount of antibody, the 
nes are not essentially different in the different sera (S,, Se, Ss, 


S,) collected 
luring an immunization period (Fig. 1 


That minimal amount may be deter- 
ined by serial dilution of the sera. 


Normal amnion eulture extract produces several lines against its homolo- 
ous antisera (Fig. 2). Several 


lines are also shown when crude tumoral 


or 
ukemie extract is matehed against antinormal 


serum (Fig. 3). When anti- 
rabbits were used against erude 
imoral or leukemie extracts a reaction of identity revealed that several anti- 
lies are present 


lie. 4 


imoral or leukemie sera from different 


but that different animals produced the same antibodies 
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Fig. 1 Fit 
Fiz Fis j 

Fig. 1 In the center (unmarked) is the antigen, a crude leukemic extract (acute leu 
kemia ) In the peripheral reservoirs samples of sera from the same rabbit, injected with thi 
antigen, taken at the 0 By), fifth Co), eleventh D), eighteenth KE), and twenty-fifth om 
days. 1, Saline A reaction of identity indicates that the antibodies are the same in the 
ditterent samples 

Fig. 2 In the center normal human amnion extract. Periphery: D), B, and F Antisera 
of three different rabbits prepared with the intizgen in the center 1, B, C reservoirs arte 
empty. Rabbits D and EF produced 2 antinormal antibodies (identical). Rabbit Fo produced a 
third one (3 lines) 

Fig. 3 In the center crude leukemic extract Cacute leukemia) In periphery \ 
saline: B, C, D, BE, and F, antinormal serum samples from different rabbits Reaction of 
identity for all antibodies Cantinormal) 

Fig. 4 In the center Crude leukemic extract Cacute leukemia) 1, Saline 4 


D, BE, F, Antisera from five different rabbits prepared with the center antiger 








Fig 





Fig In the center purified leukemic extract (the sume as Fig { after complete 
absorption on antinormal rabbit serum). At the periphery antisera from five different rab 
bits prepared with the purified leukemic extract Only one line of isoprecipitation is left 
indicating the presence of a specific leukemic antigen independent from group, type, or cell 
specific normal antigens 





Fig. 6 In the center an antiserum prepared in a rabbit with a crude tumoral extract 
(carcinoma of the breast) 1, The crude tumoral extract showing 4 lines. B, The same 
extract after the first step of absorption on antinormal rabbit serum shows 3 lines onls 
C and D, After another step only 2 lines (the lines in C, though blurred in the shadowgrapl! 


were clearly visible in the plate) ke, Saline F, After complete absorption by an excess 0 
antinormal saline there is a persistent lime 

Fig. 7 Center, purified tumoral extract. 1, F, EF, Rabbit antisera prepared with the 
intigen in the center. D, C, B, Goat antisera prepared with the same antigen Althoug 


the goat did not produce antibodies against this antigen, there is a line of heterophil antibod 
between the rabbit (EF) and the goat (D) sera. 
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After complete absorption by antinormal rabbit serum or its gamma 
globulin, the purified tumoral or leukemie extraet gives only one line of iso- 
precipitation with antisera from different rabbits prepared with the same 
purified malignant extract (Fie. 5), which indieates a single antibody that is 
the same in different rabbits. During fractionated absorption the different 
lines belonging to normal components can be eliminated one by one until one 


persists that is not absorbed by an excess of antinormal serum (Fig. 6). These 





Fig. § 
Fig 
Fig. S Cente Norma iminion extract Periphery sera from different rabbits (B, C, 
D, BR, F) injected with the ime extract 1. Saline Some rabbits show more antibodies than 
id others 
Fig. 9.—Center, Normal amnion extract 1, Preimmune serum in rabbit (Se). B, Serum 
f fifth day (Si) C, Serum of eighth day (S:) DD, Serum of eleventh day (Ss). bk, Serum 


f eighteenth day (S,) Fy Serum of twenty-fifth lay (Ss) 


esults also indicate that such lines are not due to isoantigens from traces of 
abbit serum left after absorption of the erude tumoral extract. Oceasionally 
ines of isoantigens were found between two contiguous reservoirs which eon- 
ained sera from different animals even when there was a reaction of identity 
elative to the center well Kie, 7 Less well explained is an oceasional 
eaction of unidentity between antisera from different rabbits and normal 
xtraet (Fig. 8) Multiple antibodies develop progressively during the course of 
umunization (Kie, 9 


When the crude tumoral extract is matched against antisera prepared 
ith the purified tumoral extract again one line is obtained. When purified 
unoral extract is mixed and incubated with antinormal rabbit serum it still gives 
i¢ line of reaction. However, if the same purified tumoral extraet is mixed 
reviously with a rabbit antiserum prepared with purified tumoral extract and 


en checked against the same serum no lines of reaction oeeur (Table T). 
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PABLE LL. PRECIPITATION IN GEL DIFFUSTON 


ANTISERA IN RABBITS 


ANTI-CTE ANTI-CLE ANTI-PTE ANTI-PLE 
ANTIGENS LINES LINES LINES LINES 
Crude tumoral extraet (CTE Several l l None 
(‘rude leukemie extract (CLE l Several None l 
Purified tumoral extract (PTE) | 1 | None 
Purified leukemie extract (PLE | | None 1 


The same phenomena are observed whether the extracts are from. caret 
homas or sarcomas. When leukemic extracts are used instead of tumoral ex- 
tracts the same general phenomena regarding normal antigens in crude extracts 
are observed. Hlowever, in purified extracts reactions of unidentits revealed 
differences between tumors and leukemias and, within the leukemias, between 


acute stem cell and chronie Iwmphatie leukemias (Table 11 


TABLE TL. PRECIPITATION IN GEL. DIFFUSION 


ANTISERA IN) RABBITS 


ANTI-CA ANTI-S.A ANTI-AL, ANTLCL 

ANTIGENS, PURIFIED EXTRACTS LINES (LINES LINES LINES 

Carcinomas (CA l l None None 

Sarcomas (SA l l None None 

Acute stem cell leukemia AL None None It None 
Chronic lymphatic leukemia (CL None None Nome lt 
*This line can be eliminated after absorption with either anti-C.\ or anti-SA) sera 

*This line can be eliminated only after absorption with the specific serum 


The results of these tests tend to indieate that: 

1. In a erude leukemic or tumoral extract there are, as expected, several 
antigens. Although usually more than one antigen is associated with normal 
components, only one antigen could be demonstrated in tumoral or leukemic 
extracts purified by extensive and fractionated absorption with antinormal! 
animal serum. This is in agreement with the generally accepted notion ot 
the antigenic simplification that accompanies in vive and in vitro development 
of a malignant condition of a cell line. 

2. The antigens which remain after absorption in a tumoral extract are not 
the same as the antigens which remain after absorption in a leukemic extract 

3. While no differences were uncovered between antigens from the care! 
nomas and sareomas studied, there were differences between acute stem cell 


and chronie Iwmphatie leukemias. 


DISCUSSION 


After many unsuecessful attempts to separate group speeifie from tumo! 
specifie antigens’ '*-'" and the diametrically opposite findings of Seligman and 
Weiler and. of Bjorklund" ' reviewed by Lennette®’? and Zilber?! workers 
started to accumulate positive data on the problem when earefully controle: 
experiments with the method of anaphylactic desensitization reaetion in the 


guinea pig led Zilber?' Sherschulskaya,?*? and Parnes** to conelude that 1 
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pepe) 
different forms of carcinomas, sarcomas, and leukemias antigens can be demon 
strated whieh do not occur in the normal tissue counterparts. Differences were 
round between Iwmphatie and stem cell leukemia?’ but, contrary to our findings, 
differences could also be found between different kinds of solid) tumors and 
even between carcinomas of different localizations. 

Attempts have also been made to separate both in antigenic mixtures and 


in antisera the antigens or antibodies of. or 10, norma] components from the 


cancer specific ones. Mann and Welker?! produced rabbit antisera with extracts 


of human tumors previously absorbed on alumina. Advantage was taken ot 


the apparent fact that preeipitins to normal components disappeared from the 
animal blood 2 months before the titer of anticancer preeipitins started to 


decline. Kosvakov and co-workers?’ eliminated from tumor antisera antibodies 


against normal antigens by absorbing the antisera with formalin-fixed normal 
splenic tissue, Korosteleva and associates used SO) per ecnt elveerol to fix 


the normal tissues for absorption of antitumor sera. Parnes.?* using antitumor 


sera prepared ino goats and donkeys, showed, by means of a gel diffusion 


method, that human leukemie cells contain antigens different from those of 


normal leukoevtes and coneluded that there is a simplification of the normal 


antigenie pattern (2 lines versus 3 lines) and aequisition of new antigenic 


properties (nonidentity reaction with lines from normal antigens Calaresu 
and coauthors? had indicated that in chronie Ivmphatie leukemia there is a 
specific antigen adsorbed on the ervthroeyvtes, a finding confirmed and extended 
to other forms of leukemias and retieuloses by Parnes and Lacour. Tavlor 
and collaborators have used fluorocarbon to extract complement fixing 


antigens from human neoplastic tissues and report that “host tissue com 


plement-fixing antigens could be removed from crude tumor suspension, leaving 
ehind apparently speeifie antigens.”” Although we could. still demonstrate 
ost tissue antigens in our tumor-fluorocarbon extracts, it is conceivable that 


he success In complete removal of normal antigens by antinormal serum was 
ossible because of the previous partial removal by the fluorocarbon treatment. 


A comparative study of antigenic properties of eaneer tissue and of 


ormal organs was undertaken by Kosvakov and Kuznetsova.” The antigens 


ere prepared from caneerous and normal tissues of IS cadavers of cancer 
ictims to ensure isogenetic homogeneity. Antitumor antisera was prepared 
rabbits, goats, and horses. Complement fixation tests showed that cancerous 


ssues contain “‘speecifie antigens’? which they alone possess and which are 


ot found in) noneancerous tissue of the same individual. These **caneer 
tigens’* differ immunologically from normal (group, type, organo specific 
itigens and appear in the organism during the development of the caneer 
“ocess. The characteristic properties of the cancer antigens do not depend 
on the loeation of the eancer or upon the specificity of the normal antigens 
at.the tumor contains (fibrin, collagen, endothelium of vessels, connective 
ssue elements or others). Using similar methods Korosteleva and Kosvako\ 


re able to distineuish between cancer antigens of different human tumors 


1 conclude that there is no sinele antigen common to all tumors but instead 


re is an antigenic tumor individuality, a conelusion we could not confirm. 
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The method of absorbine an antigenic mixture of normal and tumoral 
antigens, as it exists in a tumor extraet, with an antinormal serum, has the 
advantage over the method of absorbing antinormal antibodies in an antiserum 
with normal tissue extracts that the antitumor poteney of the antiserum is 
not redueed by absorption and that the absorption of the antigenic mixture 
does not reduce appreciably the antigenicity of the remaining components. 
The possibility of preparing a human antileukemie or antitumoral antigen 
by fluorocarbon extraction followed by differential absorption on antinormal 
animal serum, and thus of preparing pure antitumor sera, enables us to study 
the chemical and immunologie characteristics of these antigens and the pro 
tective and therapeutic eapacities of the respective antibodies as well as the 
opportunity to stimulate, through aetive immunization, the natural resistances 


of the host organism to the malignant disease. 


SUMMARY 


Absorption of fluorocarbon extraets from human tumoral and leukemic 
cells with antinormal animal serum prepared with fluorocarbon extracts of 
human amnion resulted in a purified tumoral and leukemie antigen preparation. 
Antisera in animals against this purified antigen contained no demonstrabk 
antibodies against normal tissue antigens. Antigenic differences were found 
between solid tumors and leukemias and between chronie Ivmphatice and acute 


stem cell leukemias. 
REFERENCES 


1. De Carvalho, S.: Inoculation of Human Amnion Cells in Culture With Materials Fron 
Fractionated Cells of Acute Leukemia, Proceedings of the Sixth Congress of the 
International Society of Hematology, New York, 1954, Grune & Stratton, Ine., p. SO 

2. De Carvalho, S.: Cytopahtogenicity of RNA Rich Particles From Iluman Leukemic ww 
Tumor Cells for Lluman Amnion Cultures, Proceedings of the Third Canadian Cancer 
Conference, New York, 1959, Academic Press, Ine., p. 320. 


De Carvalho, S.: Biologie Properties of a Nueleie- Acid) Rieh Fraction From = Tluman 
Leukemic and Tumor Cells. Symposium on the Etiology of Leukemia, Sevent! 
Congress of the International Society of Hematology, Rome, 1960. 

!. De Carvalho, S.: Biologie Properties of Iluman Leukemie and ‘Tumoral RNA. ILL. The 


Kffeet of Different Media on the Cytopathogenicity for Tissue Culture, J. LAB. & 
CLIN. Mep. 55: 694, 1960. 

Dd. De Carvalho, 8., Rand, H. J., and Meyer, D. P.: Biologie Properties of Iluman Leukem 
and Tumoral RNA. IV. Leukemia and Neoplasms Induced in) Mice With Iluma 
Leukemie RNA Carried in Tissue Culture, J. Lab. & CLIN. Mep. 55: 706, 1960. 


6. Blix, V., Hand, C., and Stacey. M.: The Serological Properties of Desoxypentose Nuele 
\cids, Brit. J. Exper. Path. 35: 241, 1954. 

7. Philips, J. H., W. Braun, and Pescia, O. J.:  Antigenicity of a Bacterial Desoxyribos 
Nucleie Acid, Nature, London 181: 575, 1958. 

8. Kobavaski, K., and Kawasaki, Hl.: Studies on the Specifie Antigens of Iluman Gast 


Cancer, Tohoku J. Exper. Med. 63: 203, 1956. 

9. Hakova, V., Hrubesova, M., and Medawar, P. B.: Part Played by Desoxyribose Nuelk 
Acid in Transplantation Immunity, Nature, London 182: 61, 1958. 

10. Deicher, H., Kunkel, H. G., and Holman, Hl. R.: Antigenicity of DNA. Symposium 
Human DNA, Seventh Congress of the International Society of Hematology, Ron 
1960. 

11. Korngold, A.: The Distribution and Immunechemical Properties of Hluman Tissue 
Tumor Antigens, Ann. New York Aead. Se. 69: 681, 1957. 

12. Witebsky, E.: Zur serologischen Spezifitiit des Carcinomgewbes, Wlin. Welnsehr. 9: 5° 
L930. 

13. Witebsky, E., and Morelli, E.: Ztschr. Immunititsforseh. u. exper. Therap. 78: 179, 19: 

l4. Witebsky, E., Rose, N. R., and Schulman, 8.: Studies of Normal and Malignant Tiss 

Antigens, Cancer Res. 16: 831, 1956. 























SEPARATION OF ANTIGENS BY FLUOROCARBON EXTRACTION 34] 

Lehimann-Facius, H.: Untersuchungen zur Serologie det Karzinomlipoide, Ztsehr. Im 
munitatstorsch, u. exper. Therap. 56: 464, 192s, 

Morelli, E.: Ztsehr. Immunitiitsforseh. ue ¢ sper. Therap. 83: 521, 19384 

Seligman, M., Grabar, P., and Be J Etudes sur la constitution antigenique des 
leucocytes mormaux et leucémiques par les meéthodes de précipitation spécifique en 
milieu gélifié, Sang 26: 52, 1955 

Weiler, 1] Die Anderung «de serologischen  Spezifizit at von Leberzellen der Ratte 
ithrend der Caneerogenes \ yy Vinminolbe ol, Ztsehr. Naturforsch 11: 
] 1956 


Iluman Tissues by Gel Diffusion 


Viruses Tumot Growth, 


ana 


. y s in Viral Infections. 
1] Ann. Svimp. Fundam ( r Res., Te s Rep. Biol. & Med. 15: 29, 1957. 

Ziller, | \ Specitie Tumor A . \dy . Cancer Research, New York, 1958, 
Nena Press, In vol. 3. p. 291 

Shers ilskaya, L. V.: Sp fic Antigens Li Malign Tumors (Translated from 

Russia , Vopr. Onkol 4: 259, 195s. 

Parnes, \ i. \nalvsis o \ntigens Ilu Normal 1 Leukemic Spleen (Trans 
lat from the Russian Probl. Hematol, Blood Transt. 6, 1958. 

Mann, L. 8. 1 Welker, W. HL: I ther Studies of Speeifie Pa pitin Antiserums for 

Protein of Car r Tissue Pil. Relati of Proteins of Different Malignant 
issues to E Other, Cancer Res. 6: 625, 1946, 

KKosvakov, PL ON., Korosteleva, V.oS Ku ts N. 1.:) Byull. Eksptl Biol. & 
Med. 40: 63, 1955. 

Korosteley VoS., Karlina, M. b.. and 17 eburkiva, N. \ Bvull. Eksptlh Biol. & Med. 
fa: 44 1956, 

Calaresu, F., Spurrier, W. A., and Schwarz, S. O.: Studies in Leukemia. V. Antigenic 
Differences Between I kemic and Nonleukemie Red Blood Cells, J. LAB. & CLIN. 
Mirp 1956. 

Parnes, V. A., and Lacour, | 
‘ es eryvi o¢rvtes de om: 
Rend. Aead. Se. 245: 18 

Taylor, A. R., Gills A.. and | 
Tissue Extracts, Virology 


Kosvakov, P. N.. and Kuzn 

. Eks 
i id Nosvi 
pecific for all Human 


Cancer, Bvull. 


ptl. Biol, & Ma 








re Os nti eniques 1 e les ervtl rocevtes normauX 
‘ S ‘ ( LiTeS {Teet is neoplasiques, Compt. 

1 1957 
) Fr. | Complement-Fixing Antigens in Neoplastic 


7: 349, 1959 


ova, N. L.: Normal and Pathological Antigens in Human 
44: 49, 1957. 
P. N.: The Possible Existence of One Antigen Whieh 
Cancer, Byull. Eksptl. Biol. & Med. 44: 83, 1957. 























EFFECTS OF GLUCAGON ON PLASMA UNESTERIFIED FATTY 
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The injection of glucagon into subjects in a fasting state res Ited in a 
plasma unesterificd fatty acids 4 to 6 hours afte injoction. This cine as 

as sign ficantly greater than that produccd hy fasting alone. Glucagon ad 

ministration resulted in a negati ( nitrogen balance in subjeets. This as 

shown to be indepe ndent of the adrenal piturtai u“eseawis, When a cCaqdon wads 
administered to Z obese roment 7 ho re recetvind an nade quat calo ‘¢ ntah 

a negative nitroge n balance cnsued. This suaqacsted that the catabolic cfircet 

of glucagon was not mediated a alyucode nolysis and CONSE GU nt gluconcOodcenesis. 


From these and other data, it as proposed that glucagon inercasced the periph 
al calorie demand, thereby leading to nercoased levels of wnest fied fatty 


acids and the negative nitrogen balanee. 


7 |» only clearly documented action of glucagon is the acceleration of hepatic 
elycogenolysis. It has been asserted by some! * that glucagon promotes the 
peripheral utilization of glucose. Llowever, others® * have coneluded that it 
has no effect on this process, Relativels few studies have been designed to 
vield information regarding the effects of glucagon on fat and protein metabolism 
In man. 

Certain aspects of these phases of the metabolic response to glucagon have 
heen examined in this study. The effect of glucagon on plasma unesterified 
fatty acid (UFA) levels was studied as one parameter of fat metabolism 


Protein metabolism was examined by balance techniques during chronic ad 






ministration of glucagon. 










METHODS 













The acute effects of glucagon on plasma UFA levels were analyzed in 9 subjeets 





One milligram of erystalline glucagon} was injected intravenously and the blood glucos 





and plasma UFA concentrations were determined at 0, 1, 2, 4, and 6 hours after injection 





\ similar test was conducted in each subject using a saline injection either 1 week befor 






or 1 week after the injection of glucagon. The injections were made between 8:00 A.M 





and 9:00 a.M., after a 16 hour fast. Food was not eaten during the tests. The blo 






glucose and plasma UFA levels were analyzed by the methods of Folin and Wu ar 






Gordon,' respectively. 
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The balanes Studies were conducted —usine standard metabolic balance techniques, 


© subjeets wer ambulatory, Bae] experimental period was Interposed between appropriate 


mtrol periods, Sample diets were analyzed at least twiee during eae] study. Glucagon 


i 


as given in varying doses at 3 to 6 hour intervals either subcutaneously or intramuscularly, 


rines were analyzed daily for nitrogen, phosphorus, ealeium, sodium, potassium, chloride, 


eatinine, Porter-Silbe; chromogens, and alpha amino seid nitrogen by methods previously 
eported, Fecal electrolytes were analyzed in 6 day pools. Serum e neentration of sodium. 
loride, potassium, ures nitrogen, cealeium, phosphorus, and CO content: were determined 
Vv the Clinieal] Pathology Department of the Clinical Center, The theoretic phosphorus 
tlanees have een caleulated USING 4 Vem to phosphorus rat ic Of 2:1 and a nitrogen 
Phosphorus ratio of 15:] 
SUBJECTS 

The erou siven the intravenous injeetions Of glucagon comprised 7 normal adults 

| ents who ndergone hypophysectomy for control of metastatic cancer, Thess 

patients were jy, relat vely Loo healt] and Were receiving 37.5 me, of COoTtisone acetate 

I) mee, of trnodothvronine lily during the tests. All subjects wer receiving ony 

equate ealor Intake 

| ve patients vere s udied t metahol; Dalanes recvime 

\.M Vas a 48S-vear-old whit, Woman with metastatic breast cancer, The patient 

is eliy leally well and the only evidence of (isease was two osteoblastic lesions of the hip. 

Liver funetion tests Were normal, She recejyed -.200) Calories ily and iS viven O25 

&. gluecagor subcutaneously every 4 rs 

M.H. as a O2-vear-old white man referred beenause of MVpoglveemia and recurrent 

tra-abdomingal sarcoma, Thy only ¢linies] evidence of cancer was a mass in the left upper 

drant. To prevent livpoglyeemi: attacks, food was needed at 2 ‘hour intervals, ITe 

ceived 3,700 calories daily and was given | omg, glucagon Intramuscularly every 3 hours 
' days, followed by 2 omg. glueagor intramuseularly every 3 hours for ° days, 

MLS is == Vear-old whit Yoman who had bee; subjected to pituitarv stalk 
on at anothe hospital because of metastatie choriocarcinoma. \t the time of the 
ly nd fter amet] ypterin therapy she was apparently free of disease, The serum 
fein-bound iodine eye] Vas 2.4 wo per 100 ml. and urinary Porter-Silhe; chromogens 
re 0.5 to 1.0 mg. per 24 hours. Throughout. the study, she received 10 mg. of cortisone 

etate and 50 me. of trnodothyvroning daily. Glucagon was given initially, 1 mg, every 

/UTS intramuscularly, but anorexia and nausea hecessitated 4 reduction of the dose 
0.25 me every 4 hours on the second day and O.1 mg, every 4 hours on the sixth day, 


E.R. was a 40-vear-old obese white woman With diabetes of l year’s duration who 


‘ not require insulin. She Was referred for evaluation of possible Cushing's syndrome, 


ests of adrenal function Were normal. The patient was given a 1.030 calorie diet and 
ceived 1.0 me, glucagon sully ufaneously every 4 hours for the first 2 days and 0.5 me. 
ery 4 hours for 4 days, 

L.L. was a 16-vear-old obese white woman With diabetes of 8 Vears’ duration 


ferred for evaluation of possibl Cushing ’s syndrome. Tests of adrenal funetion were 
rmatl, Home management of diahetes consisted of 15 to 20 units of protamine zine 
sulin daily and an attempt at dietary control. During the first study, she received 
) calories daily and no insulin, Glucagon was siven at a dose of 0.95 mg. every 6 hours 
Culaneously for 5 days and 1.0 mg, every 6 hours on the sixth day. During the second 
idy 1 month later, the patient received 2,500 calories and 15 units of protamine zine 


sulin daily, Glueagon was Injected in a dose of 0.25 mg. every 6 hours subcutaneously. 


RESULTS 


After the Intravenous injection of glucagon, the average blood elueose 


neentrations were significantly increased at I, 2, and 4 hours when compared 
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l S60 SO0 610 POO THO RP?) 1,000 1,400 1,100 1.750 
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Ss) $10) d90 330 140 390 99() 130 1,100 tS0) S00 
} !50 320 200 160 3?0 “0 110 720 560 S80 
) 6v0 580 1.020 10 O10 1) 1,020 S40 S40 1,060 
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Average 190) 150) 190) 240 610 130 770 1.060 1,100 
; 0.1 > | > 0.05 0.1 > p > 0.05 





0.0] 













*Because the variances of the control and experimental groups differed, statistical sig- 
nificance was tested by the Welch-Aspin t test.*! 













with the averages of the control values (Table 1). The blood suear level did 






not change after the saline injection. 





The effect of glueagon on UFA levels is recorded in Table Il. One how 





after injection of glucagon, the average plasma UF A level was 240 neq pet 





liter compared with the initial value of 400 wEq per liter. This deerease was 





significant (p< 0.02) when compared to the 1 hour value of the groups with 






injected saline. By the seeond hour, the average UFA level in the e@roup 
: | 






receiving elueagon had returned to the base-line level. However, at the fourth 





and sixth hours, the average plasma UFA levels were 950 and 1,100 pEq per 





liter, respectively, compared with the control levels of 770 and 760 «Eq per liter 






Because of the wide variations in the control group, the ‘*p’? values lay betweer 
0.05 and 0.1. 







In Fig. 1, the increments in plasma UFA concentrations which resulte: 





from the glucagon injection have been plotted. The shaded area is the rang: 





of the increments of UFA coneentration after saline injection and the heavy 






line connects the averages of these values. When the individual tests are con 






sidered, the UFA levels 4 and 6 hours after injection of glueagon exeeeded thos 





ot the saline eontrol in 15 of 18 instanees (Table II]). The average inereas 
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of UFA concentration from the initial values at both the 4 and 6 hour periods 
was more than 10 times the standard error of the analysis. In spite of the large 
variability ot reSPoTse, statistical tests of sienifieance revealed differences be- 
tween the v eToups at ft and 6 hours }) 0.05 There was no. sienificeant 
correlation between the inerements in @lucose levels and UFA levels although 
the higher elucose levels tended te be associated with the higher UFA levels 


at the 4 and 6 hour yo riods 








AUFA 
wEq TEF 
HOURS 
Fig. 1 Increments in plasma UFA ifter injection of glucagon The shaded area 
encompasses the range of the response of the control group. The heavy black line connects 
thie iVvern gre lt n tl grou} 


BALANCE STUDIES 
The data pertaining to nitrogen and phosphorus exeretion are presented 
in Table IV. The balanee data relating to ealetum, sodium, potassium, and 
chloride have been condensed in Table V since there were no consistent changes 


n the balances of these electrolytes. Serum levels of sodium, potassium, chloride, 


TABLE III 


AUFA (4 11 AUFA (6 HI 
sq /I ukiq/I 

( (; ( ( ( (; (;,—(¢ 
140 600 +460 940 950 +710 
770 1,020 B50 570 710 +140 
2) 710 +690 70 310 940) 
160 100 "40 310 560 1250 
100 260 140 29) {SO +P 60 
$10 O60 +550 60 1.280 + 1,220 
150 D660 +410 190 640 +150 
250 190 +0) sO) 270 +190 
20) 730 +10 350 190 160 
\verage 280 600 +320 260 600 +340 

0.05 > p > 0.02 0.02 > p > 0.01 


Beeause the variances of the control and experimental groups differed, statistical 
cance was tested by the Welch-Aspin t test.*! 


sig- 
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+0.06 
+O.060 
0.06 
LO.07 
0.43 
LO.07 


ee ee ee Bd ee | 


0.04 
7) 
10.13 
0.26 
0.01 
0.19 


+0.15 

0.07 

0.19 

+0.12 

0.10 

i. ee +l. AO: a L0.10 

\ll values are in grams per 24 hours 

PStool lost values are averages of previous two collections 
Intake 8.2 (im. nitrogen, 1.02 Gm. phosphorus 


SIntuke 7.8 (im. nitrogen, 0.94 Gm. phosphorus Vomitus 2 nitrogen ; 
phosphorus 
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NITROGEN PHOSPHORUS 
PATIEN' DAY URINE STOO! BALANCH UKINI STOO! BALANCH 
M.S. l 11.2 ba a 0.71 0.96 0.09 
2 11.2 1.1 1.1 .74 0.96 0.12 
11 ‘3 1.2 86 0.96 0.24 
1 10, 1.1 0.6 0.95 0.96 0.33 
> 14.2 1.1 1.2 O.SS 0.96 0.26 
11.5 1.1 1.3 0.79 0.96 O17 
1 13.0 1.2 3.0 1.15 0.96 0.53 
23 11.9 LZ 1S 0.92 0.96 0.66 
S 12.1 1.2 2.1 0.74 0.96 0.12 
} 12.4 1.2 2.4 0.78 0.96 0.16 
D§ a9 1.2 4 0.89 0.96 0.81 
6 SS 1.2 1.2 O07 0.96 0.05 
7 12.2 1.2 2.2 0.68 0.96 0.16 
S 13.9 1.2 3.9 O83 0.96 0.23 
a) 14.1 ew $.1 S84 0.96 0.24 
1 11.6 1.6 2.0 0.79 0.76 +0.07 
° OQ 1.6 0.1 O50 O.76 3.23 
10.2 1.6 0.6 0.60 O76 +02) 22 
A. M. ] 4 ba QO 8 0.69 O.28 +0.13 
2 0.7 1.1 1.1 0.67 0.28 +O0.15 
3 S.8 1.1 0.2 0.76 0.28 +0.06 
} Qy 1.1 0.6 0.74 O.2S +008 
7 WD 1.1 0.9 0.70 0.28 0.92 
6 SH 1.1 ) O03 O.2S +0,19 
| 11.6 LZ 3.1 ().S4 0.27 0.01 
2 9.6 LZ 1.1 O.79 0.27 +0.08 
LiZ LZ 3.1 O86 O27 0.03 
j Qs 1.2 L3 0.80 0.27 +0.03 
5 10.5 1.2 » O80 0.27 +0.08 
6 1205 - 1.0) O.40 O27 0.07 
| 6.7 1.1 +1.9 0.49 0.26 +035 
2 7.0 1.1 1.6 0.54 0.26 +O.30 
” « 1.1 1.0 0.59 0.26 +0.25 
j sO) ‘3 10.6 O.6S 0.26 +0.16 
) 85 BR 0.1 0.72 0.26 +O,12 
6 7.8 1.1 +0.S8 0.59 0.26 +009 
A. 1 l 458 0 0.6 0.59 0.18 +0.04 
| ”? Gg 0.7 1.6 0.68 0.18 0.05 
2 if) O.7 1.0 0.69 O.1S 0.06 
| 10.2 O.7 1.9 0.75 1S 0.11 
5 G7 0.7 1.4 0.65 O.1S 0,02 
6 Q 4 0.7 1.1 O64 O.1S 0.06 
] Q 4 1.0 1.4 0.66 0,22 0.16 
y 9.0 1.0 1.0 0.69 0.22 O.19 
: 10.4 1.0 9 4 O59 0.22 0.09 
4 9.2 1.0 13 (41 0.22 40.06 
2 9.6, 1.0 1.6 0.62 0.22 0.12 
0) 10.2 1.0 2.2 0.58 Q.22 0.08 
| 7.3 0.6 0.7 0.42 0.09 +0.05 
2 8.3 0.6 +0.) 0.52 0.09 +0.10 
3 YP 0.6 OLS 0.57 0.09 40.05 
j se 0.6 0.6 0.53 0.09 +009 
) 7.8 0.6 +0.6 0.44 0.09 +O.18 


6 5.4 0.6 +2 dD 0.64 0.09 0.02 














LIPSETT ET AL. J. Lab. & ¢ Med 








1960 
MH Pal - 
me 8 
’ ’ * 
RETICA 
* R 
<<<Kiccdckshechehihee 4 
NM 4 
gt 
, 
’ ’ 
, 2A 
M Vip 
+ A 
Q Ma 
b J 
4} Ly, 
f Kdkkdhehhiladditataeededededcdedddetde 4 
ORK JiR < WML aA 
h 2 i < 2 re) 
4 € y 4 6 
Fig. 2 Kiffect of glucagon on nitrogen and phosphorus balance (All balance data have 
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ealeium, phosphorus, and urea nitrogen have not been presented sinee all were 
Within the normal range initially and did not change with the administration 
of glucagon. There were no changes in the exeretion of Porter-Silber chromo 
gens, amino acid nitrogen, or creatinine. 

The administration of glueagon to A.M. inereased the urinary nitrogen 
exeretion by an average of 1.7 Gm. daily. Phosphorus exeretion likewise 
increased. The bleod glucose levels were elevated to 130 meg. per 100 ml. 3 hours 
after the injections. 

In M.H. injection of glucagon resulted in a negative nitrogen balanee of 
25.1 Gm. in 6 days. Phosphorus exeretion was proportionately inereased 
(Fig. 2) and the urinary potassium was likewise elevated (Table IV). Doubling 
the dose of glucagon during the latter 3 days did not lead to a further increase 
in nitrogen excretion, which suggested that a maximally effective dose had been 


attained. Beeause of the feeding at 3 hour intervals, it was difficult to assess 
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the effect of glucagon on the blood sugar levels. These, however, averaged 81 
and 67 me. per 100 mil. at | and 3 hours after a feedine durine the control 
periods. With the chronic administration of glucagon, the blood glucose levels 
averaged 146 and SS me. per LOO ml. at comparable times. 

The balance study of M.S. was less satisfactory because anorexia and 
nausea necessitated decreasing the glucagon dose on 2 occasions and resulted 
in poor food intake on 2 days. However, on the first day of the period of glu- 
eagon administration and again during the last 3 days, the increase in urinary 
nitrogen is evident (Table IV). Blood sugar levels 1 and 3 hours postprandially 
averaged 201 and 115 me. per LOO ml. compared to control levels of 130 and 100 
mg. per LOO ml., respectively. 

In ALL. we attempted to analyze the effeets of glucagon when liver glyeogen 
had presumably been reduced by an inadequate caloric intake and subsequently 
when it could be expected to be increased. During the first study period, she 
received no insulin and an SOO calorie diet. This resulted in a weight loss of 
3.0 kilograms during the IS days. There were only traces of sugar in the urine. 
Durine the initial control period, the nitrogen balanee averaged —1.1 Gm. 
daily (Fig. 3). Six days of glucagon administration resulted in an average 
nitrogen balance of —1.6 Gm. daily. This change is within the cumulative 
error of the balance technique. Tlowever, during the subsequent control period, 
the patient retained nitrogen, which suggested a compensatory anabolie phase 
after a eatabolie episode. It is also possible that the base line of nitrogen ex- 
eretion shifted as continuous readjustments to the low calorie intake beeame 


operative. The phosphorus balance (Table IV) became negative with glucagon 
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Fig. 3 Effect of glucagon on nitrogen and phosphorus balance. 
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administration, which aeain sueeested eatabolie phase. Blood sugar levels 


wfore glucagon administration and | and 2 hours after the injections did not 


appear to differ from comparable values in the control periods. 


In the second study, the patient received SU enlories daily and i) units 


protamine zine insulin daily. This led to a positive nitrogen balanee during 


the control periods (Fig. 3), but there was no net weight change over the 
duration of the study. Glucagon administration resulted in a slight negative 
nitrogen balance, but the aleebraic difference between the initial control period 


and the glucagon period averaged —1.2 Gm. daily. An anabolie phase again 


followed glucagon administration. The blood sugars 1 and 2 hours after 
elueagon administration did not differ from control levels which sueeested 
that little elvecgen had been ce posited, 

MR. was likewise studied in relatively ul yvcogen depleted state. A dis 
tinet negative nitrogen balanee was demonstrated (Table IV) averaging 2.4 Gm. 
daily for the first 5 days of glucagon administration. On the sixth day, the 
ininary nitrogen returned to control values. The blood sugar concentration 
In this patient averaged 105 me. per 100 mil. before breakfast and 153 me. per 
00 ml. 2 heurs postprandially during the control periods. During the elueagon 
period, these averages were 104 and 145 me. per 100 ml. respectively. The 


fasting plasma UEFA levels averaged 1130 nq per liter during glucagon ad- 
ministration and 950 Eq per liter during control periods. In this patient, 


114 Increased Urinary nitroven Was urea nitrogen, 


DISCUSSION 


leute Effects. In the light of available data, elevated plasma UEFA levels 


ay be assumed to reflect: increased release of UFA trom fat depots.” The 
timuli for this release are unknown but are most likely some funetion of carbo- 
vdrate utilization. In those situations where e@lucose utilization 
asma UA levels decrease. 


1S increased, 
Thus, Immediately after the Injection of elueagon, 
Veogenolyvsis leads to an Increased blood ol WeOse level which promotes ol ucose 


tilization. Clueagon per se may inerease glucose utilization.’ Concomitant 


ith the early inerease in blood glucose, the plasma UPA levels decreased as 
monstrated by the | hour levels in this study and as previously noted.!" 
owever, Injection of glucagon in) pharmacologic amounts resulted in a late 
erease In plasma UFA levels which was significantly greater than that pro- 
ied by fasting alone. 


This previously unnoted response does not fit with current econeepts of 


icagon action. There is no reason to believe that the utilization of @lueose is 
‘reased 4 to 6 hours after the injection of glueagon. In faet, although there 
sa prolonged clevation of blood elucose in Patients 4, 5, and 6 in response 
eluecagon, the UF A inerease was seen at the 6 hour period. 


Emotional stress has been shown to increase UF A levels."! This seems to 
an unlikely reason for the results reported since consideration of the in- 
idual responses to saline and elucagon does not reveal a random distribution 
values. 
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A reasonable hypothesis is that glucogon effects the release of UFA from 
fat depots. A direct effeet of glucagon on the epididymal fat pad has been 
demonstrated in vitro. If this is the case, 4 to 6 hours after the injection of 
glucagon the effect of elueagon on the release of UF A predominates over the 
waning effects of increased glucose utilization. That this effect of glucagon can 
not be absolute was suggested In one experiment in which a meal 3 hours after 
injection of glucagon prevented the late rise in UFA levels. 

Although the integration of this effeet of glucagon in the scheme of caloric 
homeostasis is not clear, the following considerations are pertinent. An increase 
in plasma UF A levels has been associated with an increased peripheral utilization 
of UFA.’ In hyperthyroidism where peripheral glucose utilization is increased, 
plasma UFA levels and, by inference, the utilization of UFA are likewise 
increased.'* Thus, in this situation, the increased utilization of UF.A apparently 
reflects the need for caloric substrates rather than the increased glucos 
utilization per se. Since glucagon has been shown to increase oxygen consump 
tion in the rat’! and to produce ketosis in man,'® there are reasons for the belief 
that there is an inereased need and utilization of calories from nonearbo 
hydrate sources. If a similar sequence of metabolic events occurred in the fat 
depots + to 6 hours after an injection of glueagon, stimulation of UF.A releas 
would follow. 


Balance Studies — A nevative nitrogen balance has been produced in 
man’? and an inereased urinary nitrogen exeretion in the rat! by glueagon 
administration. It was suggested in the first study that elucagon exerted a 
direct catabolie effect since in one patient there was a negative nitrogen balane: 
in the absence of an increased blood sugar. In the animal study the inereased 
urinary nitrogen could not be related to the presence of liver glycogen beeausi 
this effect persisted threughout a 7 day fast. After this period of time, th: 
elyeogen content of the rat liver is very low. 

The negative nitrogen balanee which resulted from glueagon adminis 
tration to A.M. was similar to that noted in patients with rheumatoid arthri 
tis!" There was an immediate inerease in nitrogen excretion and a promp 
anabolic response occurred when glucagon was stopped. Since this subject di 
have eancer, it is not appropriate to term this a control study, but, except fo 
the radiologic evidence of bone involvement, the patient was apparently norma 

The balance studies in the 2 obese women were performed in order to tes 
the metabolic effects of glueagon in subjects relatively depleted of glycoger 
The patient with stable diabetes has been shown to respond to glueagon wilt 
a lesser rise in blood sugar than does the normal subject!’ which suggest: 
lower glycogen stores. The reducing diet should have further decreased thes 
stores since liver glycogen is experimentally quickly depleted with imadequat 
calorie intake. 

Thus, the negative nitrogen balanee in E.R. and the suggestive changes 
A.L. strengthen the evidence that glucagon is catabolic and that this is not 
result of glycogenolysis and consequent gluconeogenesis. Although the ti 
for resynthesis of glycogen is unknown in man, it is relatively slow in 1 
rat,’® only 50 per cent being resynthesized in 24 hours after depletion induce 
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v glucagon. Therefore, the frequent injections of glucagon makes it unlikely 
that the successive Injections resulted in appreciable olvcogenols sis. We cannot 
nterpret the lack of effect of glucagon on blood eluecose levels as evidence for 
complete depletion of elyvcogen, since the breakdown of a small amount of 
elycogen would be detected only with frequent blood sugar determinations. 

The effeet of glucagon in M.S. demonstrated that a catabolic effeet eculd 
be obtained in the absence of measurable anterior pituitary funetion. Although 
the study was interrupted by the anorexigenie effect of the glucagon, the in- 
luced nitrogen less was unequivocal during the last 3 days. This study and the 
constancy of the urinary Porter-Silber chromogen excretion in the other subjects 
vho were receiving glucagon make it unlikely that adrenal cortical aetivation 
s responsible for the nitrogen loss. A ‘‘permissive’’ role of hydrocortisone 
n this experimental situation in the rat has been proposed." 

Even if these catabolic effects of olieavon represent only a pharmacologic 

phenomenon, the cecurrence of such an effeet is not explained In the only Ve) 
erally accepted activity of glucagon. It has been shown in the rat'* that the 
njection of 1.0 me. of glucagon resulted in an inereased oxygen consumption 
of about 35 per cent in either the fed animal or one in the fasting condition. 
This dose is many times that received by our subjects, on a weight basis, but 
n increased oxygen consumption could be implieated in the increased nitrogen 
oss. The large negative nitrogen balance sustained by the patient with the 
sarcoma and hypoglycemia would be difficult to account for on this basis alone. 
(ilueagon may have directly affected the tumor sinee experimentally antitumor 
ffects have been found.’ Inoa study with human subjeets'® ketosis was pro- 
wed by glucagon concomitant with the negative nitrogen balance. This again 
iplies either an inereased caloric demand cr decreased glucose utilization, and 
e available data do not support the latter alternative. There are thus several 
issible hypotheses to explain this catabolic effect of glucagon. 

The eontinued hyperglycemia preduced by glucagon in M.H. and M.S. ean- 

t have resulted from elveogenoly sis alone. Even in M.IL., the 6 day nitrogen 
ss was 25 Gm., equal to about 150 Gim. of protein. Tf 65 per cent of this is 
tential carbohydrate, only 97 Gm. ef carbohydrate was made available over 

6 day period. The patient’s daily carbohydrate intake was 307 Gm., so 

it sugar derived from protein breakdown could account for only 5 per cent 
the daily utilization. A> similar phenomenon has been seen in another 
tient with an islet-cell careinoma®® and it was suggested that glucagon pre- 
ted the deposition ot elyeogen, which would occur in the presence ot a 
ative excess of insulin. Such a hypothesis would fit these studies. The laek 
initial or persistent hyperglycemia in the 2 obese diabetie subjects could then 
explained by the low glycogen stores in the liver and the relatively decreased 


ounts of eireulatine insulin. 


CONCLUSIONS AND SUMMARY 


Glucagon produced an increase in plasma unesterified fatty acid (UFA) 
ls 4 to 6 hours after injection in 15 of 18 instances. Mechanisms for the 
ulation of UFA release from the fat depots have been considered. 
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A negative nitrogen balance was produced by glucagon in 5 subjeets. This 
was demonstrated to be independent of anterior pituitary activity or adrena 
cortical activation 

Glucagon resulted in a persistent hvperglyveemia over a 6 day period in 
subject with a retroperitoneal sarcoma associated with hypoglyeemia. This 
effeet could not he due to elveovenoly sis of stored liver elycogen but her have 
oceurred as a result of inhibition of insulin’ induced deposition of hepatic 


olveoven. 


We wish to thank Miss Jeanne Reid, dietitian, for her cooperation in these studies as 


to acknowledge » skilled technical assistance of Mr. James Patten and Mr. Grant Coffins 
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SIGNIFICANCE OF VASCULAR INJURIOUS FACTORS IN TUMAN 
PLASMA AS DETERMINED BY ANIMAL ASSAY 
1. INFLUENCE OF NUTRITIONAL STATUS 


SHELDON I, GGREISMAN, M.D., AND CHARLES I. WISSEMAN, JR., M.D. 
BALTIMORE, Mb. 


The injection of fresh normal human plasma nto the nonsensitized rabbit 
0 at induced acut " J to the capillary vascular system as cvide necd by pro 
longed capulla Yo dilatation, decreased asomoto activity, inercased capillary 
pe meoahb fu. and dep SSIO} of termina arteriola cactivity to epinephrine. 
Certain of these injurious ctfeets vere nteusificd significantly when the normal 
human plasma as obtained atte 18 ho s of sta ation o several hours afte: 
fat ch meals. This onhanecd asotoric action of starvation, and postprandial 
hype peme human plasma did not appods elated toa specifi vascular toxin 


hut rather to a HOMSPECi fi cnhancement of the unknown premary toxicity peeuliai 


f the heterologous nat © of the plasma fithough circumstantial evidence sua 
sted the participation o poprotet components for the onhanecd toxicity, the 
solated huma poproteim fraction Gofmai technig ( did not exhibit siaqnifi 


cant ascula mn) ous prop fies, The p csent studics indicate that before 


specifi clinical siaqnificanes can be attributed to anu vascular injurious factor 
detected nw human plasma hy animal assay, it s first necessary to demonstrate 
fhat such cffects a nele pe ndeunt of / thie nonspecrfi foricity peeuliar to the 
heterologous characte of the plasma, and e the HONSPecrflc mtensification of 
this toricitu: induced by fluctuations ino metabolic factors such as those whieh 


occur during alterations in nutritional status. 


ILE appearance during various pathologie states of humoral factors in animal 
and human plasma whieh are capable of affeeting the capillary vascular 
stem adversely has frequently been reported. ILumoral factors which are in- 
irious to the capillary system have been observed in association with essential 
pertension, hemorrhagic and traumatic shock,’ arthritis,t diabetie retinop- 
liv, radiation illness,” tuberculosis,’ Cushing’s syndrome, hepatic  de- 
mupensation, congestive heart failure, and nephrotic syndrome.” The demon- 
ration of such noxious humoral factors in human plasma has generally in- 
ved the use of experimental animals, into which the plasma is injeeted intra- 
nously, intraperitoneally, or intradermally, or is perfused through isolated 
vans. Interpretations of the physiologic derangements of illness have some- 


ies been based upon the results of such studies. ' 


From the Departments of Microbiology and Medicine, University of Maryland School of 
icine, Baltimore, and the Hemorrhagic Fever Center, Korea 

These studies, initiated at the Hemorrhagic Fever Center, Korea, during the years 1953 
1954 and subsequently completed at the University of Maryland, Baltimore, Md., were 
ed out under the auspices of the Commission on Hemorrhagic Fever of the Armed Forces 
lemiological Board. Some of the earlier observations reported in this article were recorded 
the Reports of the Hemorrhagic Fever Commission to the Surgeon General for the years 
1954 and in a brief abstract.* 

Received for publication Oct. 22, 1959 
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The original objective of this study was to search for a vascular toxin in 
the plasma of patients in the acute phase of epidemic hemorrhage fever which 
might explain the dramatic vascular disturbance encountered in this disease. 
Initial observations suggested that such a substance might indeed be present 
(‘loser serutinys of the results, however, caused us to question the validity of the 
assa\ methods used reeardine their cCapacits to detect specific toxie agents of 
etiologic significance in hemorrhagic fever. This, in turn, led to the discovers 
that the “vascular toxin” under consideration was in fact an artifaet. An 
altered state of nutrition apparently had unexpectedly intensified the injurious 
vascular effeets of the same general kinds observed from time to time over the 
vears when plasma from one species of animal was injected into another 
species. This report presents data selected from the studies begun in Korea 
and terminated at the University of Maryland Medical Sehool to demonstrate 
that the vascular effeets of heterologous plasma can be altered to a signifieant 
degree by acute changes in the nutritional status of the plasma donor, regardless 
of whether he is diseased or healthy. The nature of the plasma factors involved 
has not vet been elucidated. The pathophysiologic slenificance, if any, in the 
human subjects from which they were derived remains open to question. Never 
theless, the results of this study help to define some of the limitations of several] 
methods which have been devised for the detection of humoral vasoreactive 
substances and whieh employ heterologous test animals. They indieate th 
caution with which results obtained by sueh methods must be regarded as they 
might be intended to apply to the pathogenesis of disease states in which nutri 


tional or metabolic disturbances occur, either primarily or incidentally. 


METHODS AND MATERIALS 
Assay of ILuman Plasma for Vascular Injurious Factors. 


1. Rabbit: 


Vasodilator Test®.—Albino rabbits not previously exposed to human or other foreign 
sera, Weighing 1.5 to 2.5 kilograms, were sedated with morphine sulfatet (60 to 90 mg. ye 
kilogram). A polyethylene catheter was inserted into the marginal ear vein. The animal wa 


then tightly wrapped in a light towel to reduce activity and the head was firmly fixed in t 
jaws of a condenser clamp in a position with one eye directly beneath the objective of 
Leitz binocular microscope (magnification «144). The bulbar conjunctiva, illuminated by 
slit lamp, was minimally exposed by gentle traction on hemostat clamps attached to the ha 
of the periorbital skin. Transient conjunctival hyperemia usually followed this procedurs 
Animals were discarded, however, if the conjunctival hyperemia persisted. Terminal arteriolk 
with rapid blood flow and active vasomotion were selected for study. After a eontrol peri 
of observation, freshly drawn human plasma was injected through the polvethylene cathet 
at a rate of approximately 1 ml. per 20 seconds, The total amount injected was 1 ml. pe 
kilogram body weight of the rabbit. Alterations in diameter of the terminal arterioles we! 
then determined by means of an ocular micrometer for periods of 15 minutes to several hour 
Changes in vasomotor activity were recorded simultaneously. 

Two types of responses were noted. In one, which frequently followed the inject it 


of a wide variety of fluids including physiologic saline, a transient vasodilatation beg: 
*Technique devised by Dr. Gordon K. Moe, Professor of Physiology, University of Syr 
cuse, School of Medicine. 
+Other agents such as barbiturates and tubocurare were found unsatisfactory becau 
they induced persistent and marked vasodilatation of the rabbit conjunctival capillary bed. 
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most immediately after injection and lasted from several seconds to approximately one 


nute, after which the vessel diameter rapidly returned to normal, This was considered most 
kely a response to the volume of injected fluid. In the other, which followed injection of 
ome human plasmas, the vasodilatation began after a delay of 1 to 3 minutes and usually 
persisted 5 to 20 minutes. Such a@& response was often dipl asic, with an initial transient 
asodilation volume effect), return to normal, and finally the delayed appearance of the 


lO 


ith 





olonged vasodilation. \ delaved response which lasted 5 minutes or less was considered 


ubtfully positive. A dilator response which lasted more than 5 minutes and was associated 


a diminution of vasomotor aetivitv was designated as a positive reaction. Occasionally 


initial vasoconstrictor response occurred when human plasma was injected, This persisted 


several seconds to several minutes and was followed by the vasodilator phase. The delaved 
: I ‘ 


asodilator response produced by human plasma differed from that produeed by the intra 


| 
nous injection of histamine, which in doses of the order of 5 meg. regularly caused a more 


ense, Immediate, and transient 1 to 2 minute) arteriolar dilatation and diminution of 


asomotor aetivityv. 


This ASSEN procedure was limited by the subjeetive nature of the observations and hy 


e spontaneous fluctuations in conjunctival vascular caliber. For these reasons, after com 


iletion of the preliminary studies, all subsequent observations were condueted with a blind 


chnique with the souree of the plasma unknown to the observer. The control base-line 


bservations of vaseular caliber were followed for at least 15 minutes, and only when the 


ected plasma produced a definite and persistent change within the initial 8 minutes after 
ection of the plasma was the reaction considered positive. Fairly reproducible responses 
the same plasma specimens (handled with blind technique) could then generally be 
tained; of 9 tests with three negative plasma specimens, 1 positive reaction was obtained ; 
10 assays with three positive plasma specimens, 2 negative assays were observed (from 
fferent plasma specimens 

Permeability Test.—The effect of human plasma on the capillary permeability of rabbit 
n Was assayed by intradermal inoculation into depilated abdominal skin of rabbits pre 
red by intravenous injections of 10 ml. of 1 per cent trypan blue solution per kilogram.!! 
e tenth milliliter plasma was injected as a series of tenfold dilutions in physiologic saline 
nging from undiluted plasma to dilutions up to 10% The test sites were examined for 
pearance of blue discoloration 30 minutes after injection, at which time the diameter of 
blue area was recorded for each dilution. Results were accepted as valid only if the 
mal appeared normally healthy throughout the experiment, maintained a reasonably constant 
n temperature, and if saline and histamine controls produced the appropriate responses. 

titer of permeability factor in plasma was defined as the highest dilution which gave 
lefinitely positive test. When a given plasma was tested in more than one animal, the 
metric mean of the titers was recorded, It is stressed that the plasma induced perme- 


litv alterations as measured here need not necessarily reflect a change in capillary endo 


lial permeability per se, but may represent local alterations in skin blood flow or capillary 
od pressure induced by local alterations in vascular caliber. The term “permeability 


or” is thus restricted to substances which produce functional inereases in rabbit dermal 


illary filtration of large molecules without specifying the precise mechanism. 
2. wat: 


Mesoappendix Test.—The epinephrine reactivity of the terminal arterioles of the rat 
soappendix was titrated according to the method deseribed hy Shorr and co-workers. To 
the effect of human plasma on the epinephrine reactivity, 0.5 ml. human plasma was in- 
ted intravenously for each 100 grams of rat weight. The limitations of this test and the 
‘ulties in interpretation have been doeumented previously.12, 1 To mitigate these 
eections, only rats with a mesoappendiceal vascular threshold epinephrine reactivity that 
stable during the initial 20 to 30 minutes of the control observations were employed ; 
etions of foreign plasma were restricted to one per rat, and the source of plasma pre 
postprandial) was withheld from the observer until completion of the assay. In addition, 


a change in base-line epinephrine reactivity failed to appear within 15 minutes after 
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Injection of the foreign plasma, the reaction was considered negative Moreover, most assays 
were conducted in duplicate. Utilizing these criteria, the reproducibility of the results and 
the virtually consistent and marked differences obtained with. the pre and post prandial foreig 
plasma samples justified with some assurance, the validity of the qualitative shifts in 


vascular reactivity to topical epinephrine, 


Peritoneal Capillary Permeability Test. Phe procedure of Courtice and Steint 
was employed. Two milliliters of human plasma per 100) grams of nimial eight is 
injeeted intraperitoneally into albino rats. The residual volume of peritoneal fluid was 
measured 3 hours later. 

Collection and Processing of Human Plasma. All human blood specimens were draw: 
into heparin coated syringes and transferred to centrifuge tubes which contained 5 drops 
1:1000 heparin per 80 ml, blood. The plasma was separated immediately by centrifugat 
at ambient temperature. If not tested immediately, plasma was stored in sterile vac 
bottles at 5° or -70° CG, 

Unless otherwise specified, all plasma used for the conjunctival vasodilator test. in 
Was Inactivated by heating to 56° C. for 30 minutes® and clarified by centrifugat 
the other methods of assay, unheated plasma was used. 

Fractionation of THluman Plasma by Ultracentrifuaation. Three hundred | 
samples of heparinized blood, drawn from individuals 3 hours after ao bre fast of 1 ! 
toast and coffee, were immediately centrifuged. The plasma specimens were held at 5° | 
until they could be subjeeted to ultracentrifugal fractionation by the Gofman technique. 
The top, middle, and bottom fractions thus obtained were dialyzed at 5° C. for 2 hours w 
mechanieal stirring against a | per cent gelatin solution in physiologie saline (to avot 
plasma dilution), and assaved for vascular injurious activity. In three trials, the bottor 
plasma layer was subfractionated by increasing the specifie gracity to d 1121 with sodi 


nitrate and recentrifuging. The top, middle, and bottom layers resulting from this proceedure 
were similarly dialyzed and assaved for vascular injurious factors. All fractionated sample 


were kept at 5° C. and tested within 48 hours. 


RESULTS 


lL. HIumoral Vascular Injurious Factors in Patients With Memorrhagi 
Fever and Other Febrile Illnesses. —The intravenous Injection of 1.0 mil. pel 
kilogram of heat inactivated freshly drawn plasma from patients acutely il 
with hemorrhagic fever into rabbits which had undergone morphinization 
usually induced a conjunctival reaction characterized by a delayed (1 to 5 
minute) but persistent (5 to 20 minute) dilatation and diminution of vasomoto! 
activity of the terminal arterioles. Control plasma specimens drawn fron 
normal subjects, from patients with other febrile illnesses, or from convalescent 
patients with hemorrhagic fever usually vielded negative vaseular responses 
(Table I 

In evaluating the significance of these observations, it became apparent 
that nutritional status must be considered since most patients during the aeut: 
| 





phase of hemorrhagic fever were in a state of starvation. They had usua 


*Preliminary experiments indicated that fresh human plasma injected intravenously 
repeated doses of 2 to 3 mL, whether from ill subjects or normal ontrol subjects, caused pr 
gressive deterioration of 1.5 to 2.0 kilogram rabbits, with dilatation, hemorrhages, and eden 
of the conjunctival capillary bed, gross hematuria, retroperitoneal edema, terminal hypotensior 
ind death in convulsions At the suggestion of Dr. Colin M. MelLoed, Professor of Resear« 
Medicine, University of Pennsylvania, plasma was heat inactivated Repeated doses of 2 n 
of such inactivated plasma from normal subjects were found to be well tolerated by te 
inimals which weighed 2 kilograms 

+The ultracentrifugal fractionation technique was performed by personnel of the Depart 
ment of Virus and Rickettsial Diseases, Walter Reed Army Institute of Research, Washinet 
a & 
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EI VASO ATOR REACTIO RABBITS IN RESPONSE TO INJECTION OF PLASMA FROM 
PATIE Ss Wirth AND WitrHo HEMORRHAGIC FEVEI 
WAY OF NOL OF NO, WITH POSITIVE 
\¢ MISEASI ATIE? s VASODILATOR REACTION 

Hemorrhagie fever | 2 0 
Hlemorrhagie fever 2 : 2 

at fever 3 5 15 Acute phase 
emorrhagie fever } :! s . 
Hlemorrhagie fever » 2 m of illness 
Hlemorrhagie fever i 

Hlemorrhagie fever 12 | ) 

Hlemorrha bevel ) | () 
Hemorrhagie fever 27 | 0) 
Hemorrhagie fever 2a e )) 
Hemorrhagie fever 28 | () 

Hemorrhagie fever 30 l () 

Normal +a ] 
Pneumonin 2.3 D ) 

Upper respiratory infection 2-3 r ) 

Malaria 2-5 2 0 

Infectious mononucleosis 3.5 2 l 

Fever, unknown origi o.5 2 = 


ndergone several days of intense anorexia, often associated with protracted 
omiting and with acetonuria. Studies were therefore performed to determine 
he influence that intravenous infusion of glucose solutions to, or resumption 

food intake by, the plasma donor would have on plasma vasodilator activity. 
lntravenous infusions of one to two liters of 10 per cent olucose solutions or the 
ral intake of comparable quantities of carbohydrate was usually followed 
vithin 24 hours by the disappearance of the plasma vasodilator activity despite 
n unaltercd clinical picture. Furthermore, the disappearance of plasma vaso- 
lator activity was found to parallel the decline in acetonuria (Table IL). 

2 E fieet of Nutritional Ntatus on Vase ular Injurious Reactions Induced 
) Human Plasma From Normal Subjects.—Sinece the previous findings sue- 


sted that nutritional status, rather than disease per se, may determine the 


E Il. CORRELATION OF NUTRITIONAL STATUS AND ACETONURIA WITH VASODILATOR EFFEC’ 
OF HEMORRHAGIC FEVER PLASMA 


ANOREXIA ON ADMISSION 


DURATION VASODILATOR EFFECT OF PLASMA 
BJECT DEGREI HK ON ADMISSION 24 HR, AFTER tS HR. AFTER 
1 Severe }S + ( D4 ()( + 

» Severe qv 3 ] O.0) 

Severe . 46 3+ (24 

} Severe 60 4 ( 34 + (24 

5D Severe tS +( 14 O.d 

65 Severe 72 + (34 +( 14 
7 Severe 36 (2 vad) 

x Severe o4 0.0 t(3 

9 Moderate 18 +( 14 0.0 

10 Mild 6S *(1+ 

1 Mild $8 00 TaD 

12 Mild 24 0.0 


r 
f. 


nh parentheses represent degree of acetonuria. 
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vascular action of human plasma in the experimental animal, the effeet of alter 
ing the nutritional status of normal subjects was tested. Accordingly, paired 


samples of normal plasma were assayed; one sample was obtained 12 to 1S hours 


postprandially and the other sample 2 to 4 hours postprandially or after 45 
The Table IIL. 


vasodilator activity for the rabbit, consistently absent in the 12 to 1S hour fast 


hours of starvation. results are indieated in Conjunctival 


ing plasma samples, generally appeared during the postprandial and starvation 


states. The permeability factor titer was also found to inerease significant] 


in those plasma specimens drawn postprandially or after starvation when com 
Th 


conjunctival vasodilator activity and inerease in permeability factor titer in the 


pared with specimens from the same subjects 12 to IS hours after fasting. 


postprandial plasma specimens developed only after large fat-rich meals con 
sisting of liberal quantities of fried meat, fried potatoes, butter, and milk ot 


eream., 


TABLE III. VASop AND PERMEABI 


ATOR ity FACTORS IN PLASMA OF NorRMAL HUMAN SUBJE¢ 
DURING POSTPRANDIAL, FASTING, AND STARVATION STATES 
PERMEABILITY TITERS VASODILATOR RESPONSI 
HR. AFTER EATING HK. AFTER EATING 

SUBJECT 2-4 12-18 tS 2.4 12-18 tS 

| - o 

) - * 

3 i) } 

t 6 } 

5 7 } . 

6! S 8 + 

Ss 

? 2 7 3 

10 l » + ( 3+ 

11 3 “ $+ 

1? ) 5 34 

13 y } $4 

14 2 

1D 34 ) 

16 7 

*Titer expressed as log 10 of the reciprocal of highest dilution which gave a positive test 

*Figures in parenthesis represent degree of acetonuria 

Subject did not eat all of fat-rich meal 


The results of the preceding experiments were based upon comparisons Ol 
paired plasma samples drawn from the same subjeets at intervals as far apart 
as 36 hours (i.e., the 12 and 48 hour fasting specimens Since both plasm: 
samples were assayed simultaneously, the possibility was explored that loss o 
activity occurred during storage of the initial plasma samples at 5° ©., thus 
producing an apparent rather than a real inerease in the vascular injurious 
effect the 


specimens stored at 5 


of second plasma sample. Consequently, five individual 


(* 


decline in properties injurious to the vascular system were detected during the 


plasm: 
were retested at varying intervals. No significan 
initial 48 hours of storage. 

Since alterations in nutritional status produced significant differences 1 
the effects of human plasma on the conjunctival and cutaneous capillary vesse! 
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of the rabbit, studies were undertaken to determine if such reactions were re- 
stricted to the rabbit. Paired fasting and postprandial specimens of human 
plasma from eight healthy subjects (not emploved in the previous studies) were 
injected intravenously into anesthetized albino rats. In the dose emploved, 
the 12 to IS hour fasting plasma samples uniformly produced no detectable 
effect upon the threshhold epinephrine reactivits of the terminal arterioles of 
the rat mesoappendix. In contrast, the majority of plasma samples drawn 2 


to + hours postprandially from the same subjects elicited definite vasodepressor 
responses as indicated by depression of the threshold) responsiveness of the 
terminal arterioles to topical epinephrine, Table IV. Large fat-rich meals, 
similar to those deseribed for the rabbit vasodilator and permeability factor 
assays were emploved for these experiments. Comparable alterations in nutri- 
tional state, however, did not enhance appreciably the ability of whole human 
plasma to increase the peritoneal capillary permeability of the rat. 


LE IV. Errecr or PARED FASTING AND POSTPRANDIAL PLASMA SPECIMENS FROM NORMAI 
HUMAN SUBJECTS ON THE THRESHOLD EPINEPHRINE REACTIVITY OF TERMINAL 
ARTERIOLES OF THE RAT MESOAPPENDIX 


THRESHOLD EPINEPHRINE REACTIVITY 


NO. SPECIMENS” MRATION OF 
INDUCING DEPRESSED MAGNITUDE OF 
PRITIONA NO. O1 DEPRESSED REACTIVITY REACTIVITY 
STATUS SUBJECTS REACTIVITY MIN. DEPRESSION 


Fasting 
10-18 hy ~ () 


Post prandial 


2-3 hr. S 73 15-80 Two- to twenty-fold 
Average 35 Average 6 
*Standard plasma dose of 0.5 ml. per S80 to 125 grams was given intravenously to test 


usually in duplicate 


‘In the 8 instances tested, ether extraction of plasma at 0° C. abolished the vasodepressor 
tion of pl isma 


The single plasma which failed to depress epinephrine reactivity 


showed only minimal 
tprandial lipemia 


LEV. EFFECTS OF ULTRACENTRIFUGED FRACTIONS* OF HUMAN PLASMA ON PERMEABILITY 
OF CAPILLARY VESSELS OF RABBIT AND RAT 


PLASMA PERMEABILITY TITER t RAT PERITONEAL EXUDATION } 

SPECIMEN | 2? 3 } 2 6 7 l 2 3 } 5 6 r S 
Whole ] = D 2 2 2 ya 6 31 +0) 18 35 
Top 0 () () 0) 0 0) 1 } 9 9 3 3 10 
Middle ; 0) » 2 l 2 2 3 2 6 33 5 18 
Bottom } 0) 3 } 2 2 rs) 2 18 2 38 2 638 


*Fractions prepared by Gofman technique 


‘Titer expressed as the highest dilution of plasma (negative exponent of 10) giving a 
tive test in the rabbit skin after preparation with trypan blue 

Milliliter per kilogram of fluid removed from the peritoneal cavity 3 
peritoneal injection into rats of 20 ml. plasma fraction per kilogram 
rats) 


hours after the 
(average of groups 


3. Vascular Injurious Factors in Fractions of Normal Human Plasma Pre- 
‘ed by Ultracentrifugation.—The effect of heterologous capillary permeability 
human plasma fractions prepared by ultracentrifugation of eight plasma 
iples is indicated in Table V. The isolated lipoprotein-rich fraction (top 


er) prepared according to the Gofman technique was relatively inert. The 
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factors which were significant in enhancing capillary permeability were con 
sistently associated with the sedimented fractions. Similarly, positive rabbit 
vasodilator responses were obtained with six of the seven bottom fractions tested 
and with but two of the sixteen top and middle fractions. llowever, no vaso 
depressor (or yvasoexcitor) activity was elicited in the rat mesoappendix assay 
system hy any of the whole or fractionated plasma specimens. Attempts to 
subfractionate the sedimented plasma lavers by increasing the speeifie gravity 
and recentrifuging generally resulted in diminution or loss of all vaseular in 
jJurious activity. 

$. Vascular Injurious Activity in Relation to the Source of the Plasma. 
The enhancement of the vascular injurious effeets of human plasma for hetero! 
ogous species by alterations in nutritional status did not appear to be peculial 
to the human. Whereas the intravenous injeetion of normal rabbit plasma (0.5 
ml. per 100 grams rat weight) failed to alter the threshold epinephrine reactivity 
of the terminal arterioles of the rat mesoappendix, vasodepressor effects were 
consistently obtained with plasma drawn from the same rabbits 2 to 4 hours 
after they were fed two raw eggs by tube (Table VI). These vasodepressor 
effects could not be correlated with alterations in neutral fat, phospholipid, o1 
cholesterol content of the rabbit plasma, or with alterations in the ratio of thes 


substances to each other.* 


TABLE VI. EFrEcT OF PLASMA FROM NokMAL AND EaG-Fep RABBITS oO HE THRESHLO 
EPINEPHRINE REACTIVITY OF TERMINAL ARTERIOLES OF THE RAT MESOAPP \ 


NO. SPECIMENS DURATION OF 
DEPRESSING DEPRESSED MAGNITUDE Of 
NUTRITIONAL EPINEPHRINI REACTIVITY REACTIVITY 
STATUS NO. OF RABBITS REACTIVITY MIN. IEPRESSION 
Normal 10 0 
Kee fedt 11 10 27-195 3-20 
Average 72 Average 8 
*All normal specimens were drawn from rabbits subsequently fed eggs 
jPlasma drawn 2 to 4 hours after rabbits, which weighed 1.5 to 2.0 kilograms, were fe 


two eggs bv tube 


In alternate groups of rabbits (3 in each series), neither did the feedin: 
of cottonseed oil or butter, emulsified with gum aeacia, nor acute starvation fo 
periods ot up to 7 days, result in vasodepressor plasma activity. It nia Jy 
significant that aeetonuria failed to appear in the latter group of animals 

The injection of fresh normal homologous heparinized plasma was noe 
observed to induce significant vascular alterations in the rabbit or rat. Vari 
ations in nutritional status did not affect these results. Thus the intravenou 
injection of fresh unheated rabbit plasma obtained 2 to 4 hours after eee feed 
ing exerted no effect upon the caliber or vasomotor activity of the conjunetiv: 
capillary bed of homologous species, even in doses of 5 ml. per kilogram. Ra 

*Analysis performed by the Department of Biochemistry, 406th Medical General Lab 


ratory, Tokyo, Japan, under the direction of Lieutenant Colonel Jeffries 
fThat the initial cardiac puncture and bleeding of 2 ml. per kilogram necessary to obta 


the control plasma samples did not per se induce the subsequent vasodepressor plasma. effect 
of the rabbits which were fed eggs was indicated by the negative results obtained with tl 
rabbits which were fed cottonseed oil and butter However, the extent to which the traun 


of the initial blood sampling might have contributed to the vasodepressor effects was n 
evaluated 

















VASCULAR INJURIOUS FACTORS IN PLASMA 


BO 


plasma drawn 2 to + hours after rats were tube fed 3 ml. egg volk per 100 grams 
veight or after 5 to 7 days of acute starvation exerted no vasodepressor effect 
ipon the threshold) epinephrine reactivity of the terminal mesoappendiceal 


te roles ot the homolovous SPeeles, 


DISCUSSION 


The property of plasma or serum obtained from normal animals or humans 
o Induce eireulatory collapse and death when injected into heterologous species 


as long been established.'’ Moreover, the injection of such “normal” foreign 


plasma or serum may induce acute and severe eapillary injury as evidenced 
by the appearance of petechial hemorrhages, capillary dilatation, and inter 
stitial edema at postmortem examination. The precise mechanism for these 
ascular injurious reactions has not been defined. Various investigators have 
ilternatively postulated that the vasotoxie effects of foreign plasma or sera are 
dependent upon the ability of sueh material to induee intravascular ervthroevte 


vgelutination and or hemoly SIS, affeet the neurogventie control of the vaseular 


tree,’ predispose to intravascular clotting, or activate toxie humoral factors 
such as anaphylotoxin. 


During the past deeade, a number of reports have appeared concerning the 
ecurrence of factors injurious to the vaseular system in human plasma or 
serum during various disease states. The majority of these investigations were 
onducted by injection of human plasma into one or more of the common 
horatory animals. Thus in relation to human sera as assaved in the rat, rabbit, 
euinea pig, factors injurious to the vaseular system have been reported 


iine various iIntectious il nesses," hepatie decompensation, congestive heart 


lure and the nephrotie svndrome,.” arthritis,’ Cushine’s svndrome,> essential 
pertension,’ and diabetic retinopathy. 

The significance of these findines in relation to each disease state is un 
ttain. Zweifaeh and Metz?! have emphasized the inability to interpret the 


sponses elicited by human plasma in the rat mesoappendix assay system in 


ius of specific svstemie physiologic derangements. Lovell and associates’ 


e stressed the apparent nonspecificity of the capillary vaseular injurious 


eet of human serum in the guinea pig skin. Ilowever, in most of the afore- 
ntioned studies, no attempt has been made to determine whether such 
perties injurious to the vascular system of human serum during illness 
resent the elaboration of specific vasotoxice factors or merely a nonspe cific in- 
sification of the intrinsic toxicity peeuliar to the heterologous nature of the 


sum. Such a distinction would be of fundamental importanee, sinee the 
boration of specific capillary imjurious factors would be highly signifieant 
the pathogenesis of disease, whereas toxie effeets referable primarily to the 

erologous nature of the plasma would require a different interpretation as to 


sible direct elinieal slenificance 


During various pathologic states, nonspecific alterations ino nutritional 


us, Whieh result in marked changes in plasma composition, may occur, Dimin- 


d food absorption caused by anorexia, vomiting, or diarrhea, dehydration 
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With hemoconcentration, accelerated tissue destruction, and exhaustion 0! 
glycogen reserves with increased lipid mobilization and breakdown are some 
of the general metabolic chanees that frequently develop. Even in the normal 
individual, significant alterations in plasma composition may be induced simply 
by the ingestion of a large meal. Despite the well-recognized occurrence of such 
nonspecific metabolie alterations, the influence of these factors on the vascular 
injurious properties of plasma or serum has received scant attention. Novy and 
De Kruif?’ reported that diet appeared to affect the ability of rabbit serum to 
he rendered toxie for guinea pigs by the addition of agar. Lake and co-workers 
concluded that the ability of heterologous plasma to increase peritoneal capillary 
permeability depended upon the lipoprotein fraction, and that this effect (at 
least with rabbit serum) could be enhanced significantly by feeding substances 
which raised the plasma lipoprotein levels. 

The data obtained during the present investigation indieate that freshly 
drawn normal human plasma is capable of acutely injuring the small blood 
vessels of such heterologous species as the rabbit and rat and that this injurious 
effect may be enhanced significantly merely by altering the nutritional status 
of the donor. The samples of hyperlipemic human plasma obtained 2 to 4+ hours 
after the ingestion of fat-rich meals and the samples of watery clear plasma 
obtained after 48 hours of starvation fairly consistently invoked more intenss 
capillary injurious effeets when injected into the experimental animals than did 
the specimens obtained from the same donors after a 12 to 18 hour fast. Thesi 
capillary injurious effects were evidenced by the appearance of prolonged 
capillary dilatation, decreased vasomotor activity, increased capillary perme 
ability (this term is emploved as a functional one and does not necessaril 
specify increased endothelial permeability per se), or depression of the re 
activity of terminal arterioles to topically applied epinephrine. 

That this relation of nutritional status to intensity of the capillary injuriot 
properties of plasma for heterologous species is not peculiar to the human plasn 
donors was suggested by the enhanced ability of rabbit plasma obtained aft: 
egg feeding to depress the epinephrine reactivity of the terminal arterioles « 
the rat mesoappendix. Ilowever, since feeding of raw egg white ean indu 
toxic effeets and even death in rabbits** the mechanism for this increase 
postprandial plasma vasotoxicity may differ from that in the human. Furth 
more, species differences in intermediary metabolism may modify the role th 
nutritional status assumes in influencing plasma vascular injurious aetivi' 
for heterologous species. Thus after 48 hours of starvation, 3 to 4 pl 
acetonuria developed in each of eight normal volunteers, whose plasma samp! 
at this time consistently exhibited an intensification of the heterologous vaseul 
injurious effects. In contrast, even after 7 days of starvation, acetonuria fail 
to appear in each of three test rabbits and plasma samples drawn at this ti! 
showed no detectable mesoappendiceal vasodepressor effects upon intraven: 
injection into the rat. 

Since enhancement of the acute vascular injurious effects of human plas! 


(1) oceurred after fat-rich meals and after acute starvation, (2) paralleled 1 
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appearance of acetonuria during starvation, and (3) deereased rapidly atter 
infusions of glucose during the starvation state in hemorrhagic fever, it seemed 
that certain of the plasma lipoproteins might be responsible. TLlowever, the 
isolated lipoprotein-rich fractions prepared by ultracentrifugation according to 


the Gofman teehnique caused no signifieant vascular injurious reactions as 


determined by any of the assay procedures utilized in these studies. Never- 
theless, the more eritieal data concerning the effeets of such isolated lipoprotein 
fractions acting in conjunction with other components of the whole plasma have 


j et To be determined. Indeed, later experiments, to he deseribed in a subsequent 


paper, suggest that certain human lipoprotein fractions do enhanee the vascular 
injurious effeets of whole human plasma for the rabbit by a complex series of 
reactions which are interrelated with basie immunologic mechanisms. 


In contrast to the effect of fresh heterologous plasma, normal rabbit or rat 
plasma consistently failed to exhibit vascular injurious activity when injected 


into the homologous species, Despite drastic changes in nutritional status, 


homologous plasma from these animals, even in doses two- to fivefold greater 
than those which induce vaseular reactions in heterologous animals, produced no 


deteetable capillary changes. Thus the humoral factors associated with altered 


nutritional status appear to infensify the intrinsic capillary injurious activity 
eculiar to the foreign plasma reaction rather than induce 


a new type ot 
ascular injurious effect. 


Many of the previous assay methods for detecting vascular injurious factors 


human plasma during illness have emploved normal human plasma as the 


mtrol. As a consequence, the existence of “specific” capillary injurious factors 


as usually accepted if the injection of plasma drawn from patients with a 
weific disease produced vascular alterations in the test animal in a lower dosage 
nge than did “normal” plasma. The inferences of the role of VDM 
the plasma of subjects with such diseases as hemorrhagic and traumatic 
ock, Cushing’s syndrome, decompensated hepatic cirrhosis, essential hyper- 
ision, the nephrotie syndrome, and congestive heart failure’ ‘may be cited 
one such example. The findines of this present investigation indicate, how- 
er, that before clinieal significance can be attributed to any vaseular injurious 
‘tors deteeted in human plasma by animal assay, it is first necessary to 
nonstrate that these injurious effects are independent of (1) the nonspecifie 
icity peculiar to the heterologous character of the plasma and (2) the non 
cifie enhancement of this foreign plasma toxicity produced by variations in 
tritional status. Furthermore during illness, the possibility that incidental 


‘tuations of metabolic factors other than those affected by nutrition may 


ilarly act by intensifying the foreign plasma toxicity must also be exeluded. 


SUMMARY 


The injection of fresh normal human plasma into the rabbit or rat induces 
e injurious effects to the capillary vascular system. 


t The injurious effects 
characterized by prolonged capillary dilatation, decreased vasomotor activity, 
‘eased capillary permeability, and depression of the reactivity of terminal 


rioles to epinephrine. Certain of these vascular injurious effeets may be 
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enhanced significantly if the human plasma is obtained after 48 hours of starva 
tion or after large fat-rich meals. Such intensification of the vasotoxic action 
by starvation or postprandtal hywperlipemie human plastua does not appear re 
lated to the appearance of a specifie vascular toxin but rather to a nonspecific 
enhancement of the unknown primary toxicity peeuliar to the heterologous 
nature of the plasma. It does not necessarily indicate that similar, or even any, 
kind of action was being induced in the subject from which the specimen was 
taken. Although cireumstantial evidence suggested that lipoprotein components 
might be responsible for the enhancement of the vascular toxicity of starvation 
and hyperlipemie human plasma for the rabbit and rat, the isolated human lipo 
proteins prepared by the Gofman technique did not exhibit any significant acut 
vascular injurious properties. 

The influence of certain disease states In intensifving the capillary injurious 
effects of human (or animal) plasma when assaved in heterologous species has 


at times led investigators to conclude that specific humoral factors injurious 





to the vascular system are concerned in the pathogenesis of these illnesses. The 
data obtained during this present study indieate the necessity for critical evalu 
ation of all studies relating humoral vasotoxic factors to the pathogenesis of 
ilIness. The findings in this study clearly indicate that before specifie clinical 
significance can be attributed to any vascular injurious factors detected i 
human plasma by animal assay, it is first necessary to demonstrate that thes 
injurious effects are independent of (1) the honspecifie toxicity peculiar to the 
heterologous character of the plasma, and (2) the nonspecifie intensification ol! 
this plasma toxicity induced by fluctuations of metabolie factors, including thos 
that occur during alterations in nutritional status. 

We wish to express our appreciation to Gordon KK, Moe, Professor of Physiolog 


| niversity of Svracuse School of Medicine, for his invaluable assistance and advice dut 


the initial phase of this investigation relating to the studies of hemorrhagie fever. 
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FURTHER STUDIES ON THE HETEROZYGOUS CARRIER 
IN GALACTOSEMIA 
Davip Yi-Yuna Pisa, M.D... Myron TANNENBAUM, Pu.D..* JERRY A. SCHNEIDER, 
B.S., IRENE Huang, Pu.D., aNpb KENNETH Simpson, M.D., M.R.C.P.* 
CHICAGO, TLL. 


In the present re port the measurement of agalactosc-1 phosphati uridyl 


transfcrase among fourtecn dgalactose mic familics is described. The enzume 





has been USSU Ye d “using four different me thods. fio of which are hascd “upon 





uridine diphosphoglucose (UDPG) consumption and two upon Warburg measur 





ments of oruden uptake, 






Tn the course of the se studia £, a consistent lag period was noted atte) the 





addition of agalactosce-1 phosphate. It was shown that the conecentrations of phos 





phoglucomutase , glucose | ¢ diphosphate, uridine diphosphoglucose, galactose 





phosphate, and epimerdse were not the limiting faetors in this sustem. On the 





Other hand, the lag could be corrected by supple mentation with glucose-6 





phosphate dchud Od HAST, 











ALACTOSEMIA is a_ hereditary disorder of carbohydrate metabolism 
characterized by vomiting, diarrhea, jaundice, poor weight gain, and mal 





nutrition during early infaney. Mental retardation, cataracts, and cirrhosis of 





the liver are sometimes seen in this condition. Clinieally, the diagnosis is 





usually established on the basis of an abnormal ealactose tolerance curve and 





the presence of galactose in the urine. In 1956, Sehwarz and co-workers 





showed that galactose-l-phosphate accumulates in the erythroeytes of children 





With galactosemia, if they receive galactose or milk. In the same vear, Kalekat 





and collaborators? demonstrated a deficiency of galactose-1-phosphate uridy! 





transferase in the erythroeytes of these children, This indieated that the sit 





of the metabolie block in this disease was at the step of: 





gvalactose-1-PO, UDP-elueose <> UDP-galactose elucose-1-PO, 





The frequent occurrence of this condition in siblings and among the off 





spring of consanguineous matings, together with its equal distribution in bot! 





sexes, suggests that galactosemia is probably transmitted by a single autosomi 





recessive gene.” In this situation, the heterozygous carriers for the abnormi 





gene will usually be free of clinical symptoms. Careful biochemical studies 





however, might reveal minor departures from the norm. 
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In 1955, Holzel and Komrower* undertook galactose tolerance tests among 
parents, siblings, and near relatives of 6 families with many eases of galactosemia. 
They found the response to be abnormal in a number of the relatives tested, but 
this was not a consistent finding among all the individuals who should be 
heterozygotes. Furthermore, in a majority of families, only one of the parents 
showed an elevation of the galactose tolerance test. Reeently, Donnell and as- 
sociates’ have repeated these studies in 29 members of 13 families including 21 
children with galactosemia. A redueed tolerance to galactose loading in’ both 
mothers and fathers of affected children was noted in many instances, but there 
was considerable overlap between the range of values in normal individuals and 
heterozygotes. 

Huang and co-workers’ measured hexose phosphate levels in the erythroevtes 
after a galactose load. Although a three- to fivefold inerease above fasting 
levels of this fraction of phosphate esters was observed in the galactosemie ehil- 
dren, there was no such inerease amone heterozs ZOTeCS as compared with normal 
control subjects. 

In 1958, Hsia and coauthors’? reported a decrease of galactose-1-phosphate 
uridvl transferase among parents of galactosemie children using the uridine 
diphosphoglucose consumption test deseribed by Anderson and associates.” Al- 
though the enzyme levels were signifieantly lower among the heterozygotes, it 
was found that considerable overlap occurred when compared with those of nor- 
mal control subjects. Subsequently, a decrease of galactose-1-phosphate uridy! 
transferase was noted by Bretthauer and collaborators.? The assay proeedure 
was modified using a higher concentration of uridine diphosphoglucose, a higher 
ratio of galactose-1l-phosphate (Gal-1-P) to uridine diphosphoglucose, less hemol- 
vzate, and a shorter incubation period to maintain maximum enzyme activity, 
ind the overlap was greatly reduced. Finally, Kirkman and Bynum'® estab- 
ished a direct manometrie method for the assay of transferase. This system 
neludes the use of supplementary phosphoglucomutase and glucose-1,6-diphos- 
hate to facilitate the removal of glucose-l-phosphate (G-1-P). A good separa- 

on between heterozygotes and normal control subjects ean be obtained using 
lis technique. 

The present communication is a report on galactose-1-phosphate uridy! 

ansferase activity measurements in members of 14 galactosemice families. Four 
fferent assay methods were used and several other observations regarding the 


alntenanee of consistent kineties in this enzyme system are deseribed. 


METHODS 


The genetic data on the families are summarized in Fig. 1.) In each instance, the 
gnosis of galactosemia was established by a typical clinical history of failure to thrive 
1 feeding difficulties since birth, jaundice and an enlarged liver, a reducing substanee 
the urine after the first week of life, and albuminuria. The reducing substance in the 
ne was demonstrated to be galactose either by the failure to ferment with yeast, 
tive mucie acid test, osazone crystal formation, or by paper chromatography. 

Preparation of IHemolyzate.—Blood was collected in’ a heparinized tube and = spun 


n in an International centrifuge for 20 minutes at 600 g. The plasma was aspirated 


p< 
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off by means of a capillary pipette and care was taken to remove the white cells 
completely. The red cells were then washed three times with an equal volume of cold 
O. per cent solution of sodium chloride. The washed packed red blood cells were then 
hemolyzed by the addition of an equal volume of distilled water. The hemolyzate was 


rapidly frozen and thawed three times to ensure complete hemolysis of the red blood cells. 
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Fig. 1 Summary of family histories in 14 galactosemic families 





Estimation of Hemoglobin.1—The amount of hemoglobin in the hemolyzate was 





determined as follows: 20 yl of the final hemolyzate (a microvolumetrie pipette was em 






ployed) was added to 5 ml. ammonia water t ml. concentrated ammonium § hydroxide, 






specific gravity 0.88 made up to 1 L. with distilled water). The solution was then mixed 






and read in a Beekman spectrophotometer at 540 mu. The reading on the logarithmi 
I I lt g 





seale (O. D.) multiplied by 0.282 gives the coneentration of hemoglobin in grams yp 






milliliter of hemolyzate. 





Assay of Galactose-1 Phosphate Uridyl Transferase.* 





Method A: The UDPG consumption test as described by Anderson and collaborators 





was used. 










Twenty-five hundredths milliliter of hemolyzate was added to 54.5 uM tris buff 
0.375 uM galactose-l-phosphate, 0.14 «6M UDPG, and made up to a final volume of 0.6 n 





The mixture was incubated for 30 minutes at 37° C. For each sample of blood, a conti 
| 






was run in which no galactose-1-phosphate was added. At the termination of the ineubati 





period, 1 ml. of distilled water was rapidly added, and the mixture was then heated 





100° C. for 2 minutes with rapid and constant stirring with a glass rod. The sample w 






then cooled and centrifuged. The amount of residual UDPG in the heat inactivated sup: 






natant was determined by use of uridine diphosphoglucose dehydrogenase in the preset 





of diphosphopyridine nucleotide (DPN). The inerease of optical density at 340 mg broug 






about by the reduction of DPN to DPNH was measured with a Beckman DU speetrop 






tometer until the optical density reached a maximum, which usually takes about 20 to 





minutes. Beckman cuvettes of 1 em. light path and 1.5 ml. capacity were used. Each cuv 






contained 0.3 ml. supernatant, 0.15 4M glycine buffer (pH 8.7), 6 uM cysteine (prepa 
freshly before use and adjusted to a pH between 7 and 8 with IN NaOH), 1luM DPN (pH 






*Unless otherwise stated, all of the special reagents were obtained from Sigma Chem 
Company, St. Louis, Mo. 
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and 0.1 ml. of UDPG dehydrogenase SOO units per milliliter) in a final volume of 1 ml. 
Phe difference between the changes of O.D. at 340 mu of the blank and sample constitutes 
he basis for the calculations of Gal-1l-P uridyl transferase. 

One unit was defined as that amount of enzyme whieh would convert one micromole 
f UDPG to UDPGal per hour. Units of Gal-1-P uridyl transferase per milliliter of 
emolyzate are obtained as follows: 

A 1’-A 2’ V t 
fxvxE 

Al’ difference between initial and final reading at 340 mu (control).t A 2’ difference 
between initial and final reading at 340 nig sample 4 V 1.6 ml. total volume of 
neubation mixture at end of ineubation). ff 12. By the method used, the conversion 


{ 


if one micromole of UDPG in 1 ml. of mixture would correspond to a A O.D. of 0.120 at 340 
I. \ 0.3 ml. (volume from incubation mixture used for assay of UDPG). E 0.25. ml. 
volume of hemolyzate used in ineubation mixture). ft 2 (faetor to bring incubation 
period to 1 hour 

For each hemolyzate, the diphosphoglucose pyrophosphorylase was assayed to assure 
at the blood sample and the hemolyzate had been properly handled. The Gal-1-P uridyl 


transferase was expressed as units per gram of hemoglobin. 


Uithod Bz: The UDPG consumption test as deseribed by Bretthauer and associates® was 
ised, 


After the reagents were brought to 37° C. the following ineubation conditions were 


mploved : 


Flask 1. Flask 1 contained 0.20 uM UDPG, O.SO pM Gal-l P, 0.10 ml. 1M glycine 
iffer (pH 8.7), and 0.20 ml. hemolyzate in a final volume of 0.44 ml. 

Flask 2.—Flask 2 contained 0.20 pM UDPG, 0.10 ml. 1M glycine buffer (pH 8.7) 
nd 0.20 ml. hemolyzate, and was made up to a total volume of 0.44 ml. Incubation time was 


) minutes at 37° CG. The 


reaction was stopped by placing the reaction flasks in a boiling 
iter bath for 2 minutes and subsequently into ice water. <A filtrate was then obtained 
f UDPG. 

The filtrate from each flask was assaved in the following manner: 0.06 ml. of filtrate, 
6 uM DPN (pit 7.4), 1.68 ml. 0.1M giveine buffer pH 8.7), and 0.06 ml. UDPG de 


drogenase (S00 units per milliliter), made to a total volume of 3.0 ml. 


centrifugation and assayed for residual amounts ¢ 


\fter the solution was mixed, it was then read in a Beckman DU Speetrophotometer 
340 my every 50 seconds for the first 2 minutes after the UDPG dehydrogenase was added. 


e optical density was then recorded at the end of the reaction, which takes approximately 


minutes, By increasing the concentration of UDPG dehydrogenase fivefold, this reaetion 
be made to end in 10 minutes. However, the total change in optical density remained 
same, The change in optical density was then determined by extrapolating back to the 


eal density at zero time and subtracting this value from the final value. 


The results are expressed as micromoles UDPG consumed per hour per gram hemo- 
} | ed 


in. The formula used is the same as that in method A. In this method, V 0.44, 
6, f . In this method, the conversion of 1 uM of UDPG in the 3 ml. of mixture, 
ild correspond toa A OLD. 340 of O.040, \ 0.06, and E 0.20. 


Method C: The oxygen uptake method as deseribed 1 
loved. 


y Kirkman and Bynum?! was 


Incubation conditions for O, uptake were as follows: 6 ml. single side arm flasks 
used, each containing 21 vl 0.1M MgCl, 14 gl 1.5M_ nicotinamide, ul 0.04M_ triphos 
pyridine nucleotide (TPN), 35 gl 0.06M UDPG, 0.5M potassium phosphate buffer (pH 
1.4 wl glucose-1,6-diphosphate (1.0 ~M per milliliter), 30 ul 0.2M eysteine (neutralized), 


ul phosphoglucomutase (concentration sufficient to give a rate of 5 wM per hour), 20 gl 


Oo 
p< 
‘ 


vlene blue, 300 ul hemolyzate, and 50 ul 10 per cent KOH in the center well. 


*Prepared through Step 5 according to the method of Strominger and co-workers" 

ma Chemical Company ) 

‘Both of the readings are corrected for nonspecific density changes (O.D. at 400 my) at 
- minutes and at termination of assay 
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In addition to this mixture, two Warburg flasks contained 50 wl O.IM Gal-1-P, and a 
third flask, which served as a blank and control, contained 50 wl 0.02M G-1-P. Each flask 
With a total fluid volume of 1,000 gl was then placed in a 38° C. constant temperature 
bath with a shaker. Air was the gas phase in this system. The systems were then closed 


after 


period of 10 minutes and readings were taken every 5 minutes. After 15 minutes, 
the onulactose-] phosphate Was tipped in: 6O minutes later, the glucose l phosphate im othe 


third Warburg flask side arm was tipped in and readings were taken until the O, uptake 


Was negligible. The results were expressed as microliters O uptake per hour per O33 mil. 


Whole hemolyzate. 


HEXOSE 
- DIPHOSPHATE 
FRACTION 


















©O003N HC 0 OIN HCI | 0.02N NM4C! O1N NHC 







VOLUME THROUGH COLUMN 















Diagram illustrating the elution of the hexose diphosphate fraction on Dowex-1-chlori 


column 









VUcthod D: The procedure and reagents employed were the sHme as deseribed excel 





phosphoglucomutase and glucose-1,6-diphosphate were deleted from the flasks. Howeve 






35 wl 0.1M UDPG was now employed. The results were expressed as microliters O, uptal 






per hour per 0.38 ml. whole hemolyzate. 














Preparation of Glucose 1,6-Diphosphate.'- 











l. Preparation of blood: Blood Was collected inh heparin 0.2 Tipe. per milliliter blow 





cooled, and centrifuged for 20 minutes at 38,000 g. The plasma and the top 5 per « 






of the cells were aspirated off. The packed red blood cells were then washed in two volun 






of O.15N NaCl, centrifuged, and the saline and surface layer of cells were drawn off a: 






discarded. This was repeated again. The packed red blood cells were then pow 






with efficient stirring into two volumes of 10 per cent trichloroacetic acid and centrifug: 






The supernatant was removed and stored in the cold and the precipitate was then extract 






again with two volumes of 5 per cent trichloroacetic acid and centrifuged. The supernat: 






was removed and added to the first supernatant solution. Up until this point all manipulat 






were maintained at approximately 5° C, 






1 


The trichloroacetic acid was then removed from the supernatant solutions by extract 






with two volumes of ether. This procedure was repeated four times, The residual et 





then was removed by evaporation with a stream of nitrogen. 
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The solution, Which had been freed i 


of ether and trichloroacetic acid was now passed 


through a column of Dowex 50-X SH (60 to SO wet mesh) at a flow rate of approximately 


an equal volume of distilled H.O. It was important 
at this strongly acidie Dowex 50. filtrate, 


> mi per minute, This Was followed by 


vhieh was clear and almost colorless, be 


mmediately neutralized with SN NILOH. This 


solution was then used for column chro- 
natography on Dowex 1-NS chloride (60 to SO 


0 wet mesh for separation of metabolites. 
2 Colu } tod } a hl } ' . TY > ar , 
a ( mn chromatography o richlovoace tie acid caxrtracts: Ihre extracts from the 
hove procedure were then run through Dowex 1-XS chloride (60 to SO wet mesh) at about 


» ml. per minute, Resin columns of 1 by 14 em. were used when the volume of red 


combinations of elution 


cells 
as less than 60 ml. Certain agents were found to separate various 
red cell metabolites which had been previously absorbed in) the Dowex 1-XS resin. The 


preceeding was the elution specifications which were used for the columns of Dowex 1-chloride. 


The compounds absorbed on the small columns were eluted at a flow rate of 2.8 


ml, per 
inute, collecting fractions of 20 ml. volume in the 


following pattern: 300 ml. 0.003N HC, 
00 ml. OOLN HCl, 300 ml. 0.02N NHC], and 300 ml. O.IN NH Cl The 


curve in Fig. 2 was 


btained. 
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LITERS THROUGH COLUMN 
Fig. 3. Diagram showing the glucose-1,6-diphosphate peak 


n. The corresponding peaks for the cysteinecarbozole method 
) given. 


on Dowex 1-X8 formate col 
and the anthrone method are 


The curve was plotted by employing phosphorus analysis. This was done in the 


owing manner: 2.0 ml. sample from the 20 ml. 


fractions was added to 0.5 ml. 10N 
sO 


» in a conical centrifuge tube, and was then heated in a 150° to 160° C. oven for 


ours. Two drops of 30 per cent H.O, was added and the 
for 1.5 hours; 4.6 ml. of 0.22) per 


tubes were returned to the 


cent ammonium molybdate was then added with 
ml, Fiske-SubbaRow reagent (add 0.5 Gm. of purified 1-amino-2-naphthol-4-sulfonie acid, 


tman, with mechanical stirring to 200 mil. of 


freshly prepared 15 per cent anhydrous 
um bisulfite 


The solution was then filtered and stored in a dark bottle. (It is prepared 


ly.) The tubes are mixed thoroughly. This was then heated for 7 minutes in a boiling 


r bath with marbles covering the tubes. The O.D. is then read at 830 me in a Beekman 


trophotometer with a red sensitive phototube, 


— 
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The OLN NH,CL fraction was then run through a column of Dowex 1-XS8 formate 
100 to 325 wet mesh ] hy 14 em. column, which was eluted at 1.3 mi. per minute with 
a2 LL. of linear gradient 0 to 2.0N, pH 3.0 ammonium formate. Employing the phosphorus 
determination mentioned above, a evysteinecarbozole determination and an anthrone deter 


mination the curves in Fig. 3 were obtained. 





Cyustcinccarbozole method: To 2.0 ml. of sample from the 20 ml. fractions the following 





was added: O.2 ml. freshly prepared 1.5 per cent cysteine HCl, 4.0 ml. 95 per cent H.SO, 






with cooling in ice bath), and 0.2 ml. O.1 per cent earbozole (Eastman) in absolute ethanol. 






This was heated for 15 minutes at 60° CC. The O.D. was read, in 20 minutes at 560 my 





l em. light path 






fnthrone method: To 2.0 ml. of sample obtained frem the 20 ml. fractions, 4.0 mi. 





0.2 per cent anthrone in 95 per cent H,SO, was added and was heated for 10 minutes at 






at an O.D. 630 my when fructose was to be determined. When 


60° C., shaken well, and rea 





glucose was to be determined the samples were heated for 10 minutes at 100° ©, 






Preparation of Phosphoglucomutase, The phosphoglucomutase was prepared by ex 





traction of rabbit musele.! The final extraet was dialyzed in the cold for 48 hours. The 






enzyme solution was then passed through a column of Dowex-1-chloride and diluted 1:100 





with cold distilled water just before use. Sigma’ glucose-l-phosphate was purified on a 





column of Dowex 1-XS8 chloride. 









Activation of Phosphoglucomutass by Red Cell Glucose-1.6 Diphosphate. The reaction 
mixture contained 1 wM MgSO,, 5 gM eysteine-HCl, 0.86 uM G-1-P, various dilutions o 





{ 








vlucose 1,6-diphosphate, and 0.1 ml. of enzyme in a total volume of 0.6 ml., pL 7.5 


\fter incubation for 10 minutes at 37.2° C., 0.4 ml. of LON H.SO, and 3.0 ml. of water 







were added, and the mixture was heated for 5 minutes at 100° C. and assayed for inorgani 





phosphorus. The enzymatic eonversion of glucose ] phosphate to glucose 6 phosphate Was 






activated by glucose-1,6-diphosphate, and was measured by the decrease in’ hydrolyzabl 





phosphor us, 









RESULTS AND DISCUSSION 


The galactose-1-phosphate uridyl transferase levels in the 14 galactosemic 





families using the four different assay methods are summarized in Tables I to IV 









TABLE I. GALACTOSE-1-PHOSPHATE UrIDYL TRANSFERASE LEVELS By UDPG 
CONSUMPTION TEST (METHOD A) 










ACTIVITY 













(vu./GM. HGB.) HOMOZYGOTES HETEROZYGOTES * CONTROLS* 

0-0.5 10 - -—— 

0.6-1.0 5 - . 
1.1-1.5 3 1 

1.6-2.0 3 1 
2.1-2.5 - S 

2.6-3.0 3 2 

° ‘ 





o 










18 






Total 






Mean 0.5 3.0 5.4 
8. D. +0.5 *1.0 +2.0 
Range 0-1.5 1.1-5.5 1.8-9.9 








"< 5.4; d.f. 52: 0.001. 








“a 
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TABLE IT. GALACTOSE-1-PHOSPHATE URIDYI TRANSFERASE LEVELS BY 
Mopiriep UDPG Consumption Test (MEtTHop B) 


ACTIVITY 
MM UDPG CONSUMED 
HR./GM, HGR.) HOMOZYGOTES HETEROZYGOTES” CONTROLS* 
0-1.0 9 “s 

1.1-2.0 — 
2.1-3.0 1 1 _ 
3.1-4.0 3 - 
$.1-5.0 2 3 - 
5.1-6.0 5 — 
6.1-7.0 l — 
7.1-8.0 1 ] — 
8.1-9.0 ] _— 
9.1-10.0 ] 1 
10.1-11.0 2 sis 
11.1-12.0 1 
12.1-13.0 = ° 
13.1-14.0 ] ] 
14.1-15.0 

15.1-16.0 l 2 
16.1 t 
Total 13 20 12 
Mean 1.6 6.8 5.2 
Ss. D. +*2.2 +3.4 +35 
Range 0O-S.0 3.0-15.4 9.6-23.3 

t 6.4: df 30; p 0.001 


TABLE IIT. GALACTOSE-1-PHOSPHATE UrRIpy] TRANSFERASE LEVELS BY WARBURG MEASURE 
MENTS OF OXYGEN UPTAKE WITH SUPPLEMENTARY GLUCOSE-1.6 DIPHOSPHATE 
AND PHOSPHOGLUCOMUTASE 


ACTIVITY 
(ul 0,/HR./0.5 ML. 
HEMOLYZATE HOMOZYGOTES HETEROZYGOTES CONTROLS* 
0)-2.5 3 

2.6-5.0 l - 

5.1-7.5 } — 

7.6-10.0 6 

10.1-12.5 

12.6-15.0 —_ 2 

15.1-17.5 3 

17.6-20.0 5 
20.1-22.5 — 6 1 
22.6-25.0 l 3 
25.1-27.5 3 
27.6-30.0 2 
30.1-32.5 - 
32.6- 3 
Total 14 18 14 
Mean 6.2 18.8 29.1 
S. D. +*2.8 +3) +5.) 
Range 1.1-9.0 12.9-23.1 21.7-40.7 

t 6.4: df 30; p 0.001 


The data show first that a small but significant amount of galactose-1- 
osphate uridy] transferase activity can be detected among many otf the homo- 
gotes with all four methods. This is at varianee with previously presented 
ta.* 

They further show that the mean value for a group of heterozygotes is 


nificantly lower than for a group of normal control subjects using any of the 
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TABLE IV. 


GALACTOSE-1-PHOSPHATE Uripyni TRANSFERASE LEVELS BY 
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WARBURG 


MEASUREMENTS OF OXYGEN UPTAKE WITHOUT SUPPLEMENTATION 


ACTIVITY 
BL O,/HR./0.3 
HEMOLYZATH 


four methods. 


trol subjects is greater by the UDPG consumption tests 


compared with the Warburg measurements of oxygen uptake 


MI.. 


HOMOZYGOTES HETEROZYGOTES 


CONTROLS 


} 
3 l 
l } 
l 
t 
14 1S l4 
6.0 IS.2 29,2 
*2.9 ‘3 tO 
O.4-9.4 13.9-26.4 21.7-40.0 


0 p O00] 


Although the overlap between the heterozygotes and normal con 


methods A and B) as 


methods C and 


1)), the difference between the means as measured by the **t’” test is not sig 


nificant. 


Furthermore, some degree of overlap exists even by the latter method 
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consumption test 
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6 Homozygotes 





Heterozygotes 
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Comparison of galactose-1-phosphate uridyl transferase levels using the UD 


(method A) and the oxygen uptake method (method C) in normal cont 


subjects, heterozygotes, and homozygotes. The correlation coefficient (r) +0.82 (76 deg 


of freedom) 
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Fig. 5 Comparison of galactose-1-phosphate uridyl transferase levels using the modified 
UDPG consumption (method B) and the oxygen uptake method (method C) in normal con- 
trol subjects, heterozygotes and homozygotes The correlation coetticient (€r) +0.79 (80 de 

ees of freedom) 
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Fig. 6 Comparison of galactose-1-phosphate uridyl transferase levels using the oxygen 


take method with added phosphoglucomutase and 


glucose-1,6-diphosphate (method (C) and 
thout supplementation (method 1)) in normal control subjects, heterozygotes, and homozy 
te The correlation coetlicient ¢r) +0.98 (8S degrees of 


freedom ) 


We have had the opportunity of comparing the galaetose-1-phosphate uridy! 
ansferase system using the oxygen consumption test with added phosphoglu- 
nutase and glucose-1,6-diphosphate (method C) with the other three methods 
the same individuals. It was found that a fair correlation exists between this 
ethod and the UDPG consumption test (method A), the correlation coefficient 


Ing (1) +O.82 (76 degrees of freedom) as shown in Fig. 4. A> similar 
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correlation exists between this method and the modified UDPG consumption test 
(method B), the correlation coefficient beine (4) 0.79 (SO deerees of free 
dom) as shown in Fig. 5, Finally, an exeellent correlation exists between this 
method and the same oxveen consumption method without supplementary con 

pounds, the correlation coefficient being (1) - 0.98 (SS degrees of freedom 

as shown in Fig. 6. This would indicate that the oxygen consumption method 
with supplementary phosphoglucomutase and glucose-1,6-diphosphate deseribed 
by Kirkman and Bynum! is not the only method available for the detection of 


heterozygotes in galactosemia. 


galactokinase 
galactose ——e® galactose-1-P0, UDP-glucose 
ATP ze 
@alactose-1-PO Uridyl UDP-gal-4+-Epimerase 
transferase ¢ DPN 
*glucose-l, 6 di PO, ucose -1-PO), UDP-galactose 


phosphoglucomutase 
- & 
glucose-1, 6 di PO, » oe i” fs 
He 





on yellow 
enzy! :.. 
fructose -6-PO,, TS —_ “~~ MB “ spontaneous 
(Embden-Meyerhof scheme ) acid 
of glycolysis ie 
N + Ht 
co monophosphate _— 
(Warburg -Dixon-Keilen) 
° Senile \ 
ar acids Dias cycle 
Fig. 7 


While undertaking kinetie studies, a consistent lag period was noted in three 
of the assay procedures (methods B, C, and ID) used to estimate the various levels 
of galactose-l-phosphate uridyl transferase. This finding has also been noted 
by Schwarz.'* This lag should be considered in the light of the pathway respon 
sible for the utilization of galaetose, which is as follows: 

It would appear that the lag is not caused by a deficieney of either phospho 
glucomutase or glucose-1,6-diphosphate. In the first place, the oxygen uptak« 
by the Warburg procedure was the same whether the supplementary eompound 
were added or not. Also, it was found that a tenfold inerease of glucose-1,t 
diphosphate and/or phosphoglucomutase did not significantly increase oxyge! 
uptake.’? Finally, with the use of column chromatography, it was found th: 
the content in normal adult red cells of glucose-1,6-diphosphate per 0.3 m 
hemolyzate was 0.10 ».M mean concentration, whereas the amount that was adde: 
in the reaction was 0.0014 nM. This leads one to suspect that the addition « 
elucose-1,6-diphosphate, and possibly of phosphoglucomutase, was not essenti: 
and that these are not the limiting factors in this system.'® 
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9 Diagram showing that the addition of 5 uM of Gal-1-P results in increased oxygen up- 
take in two instances, whereas the addition of 6 uM of UDPG has no effect. 


Similarly, the lag does not appear to be related to the concentration of 
DPG (Figs. 8 and 9). If one inereases the concentration of UDPG tenfold 
d alters the rate of oxygen uptake, there is no decrease in the lag period (Fig. 

B). Also, supplementary additions of galactose-1-phosphate were taken 
ough the ‘‘trapping system’’ without the necessity of adding more UDPG 
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Which indicated that there is enough epimerase present to regenerate UDPG 
which had been consumed within the same flask in the previous reaction (Fie. 
y 

linally, the control flasks which contained glucose-l-phosphate did not show 
a similar lag which indicated that a consistent pathway is still present and not 


blocked by galactose-l-phosphate, which was absent. 


> 


rd 
— aa | 











2 | ° . 
. / 
_~ 
2 / 
° 
z / 
” 
° = 
: / 
a 
° J 
=~ 10 
— PA 
Gal -1-P 
T T T if ] 
20 40 60 80 100 20 


TIME (minutes) 


Fig. 10 Experiments showing the effect of the addition of 
genase upon the galactose-1-phosphate uridyl transferase system 14, The typical lag before 
the initiation of oxygen uptake is noted when no supplementary glucose-6-phosphate dehydro 


Kenase was added B, The lag is no longer present when supplementary glucose-6-phosphate 
lehydrogenase was added 


glucose-6-phosphate dehydro 


The lag period encountered in the reconstructed systems was corrected by 
supplementation with elucose-6-phosphate dehydrogenase (Zwischenferment 
This phenomena was observed whether this enzyme was preincubated in the 
Warburg flasks before the addition of galactose-1l-phosphate, or when it was 
tipped in simultaneously with the substrate (Fig. 10). Sinee the over-all eon 
sumption of oxygen was not affected by the addition of Zwischenferment, the 
lag must represent either an actual deficiency of glucose-6-phosphate dehydro 
genase, or that there is competitive inhibition with galactose-1l-phosphate in the 
trapping system.” 


SUMMARY 


The present article describes the measurement of galactose-1l-phosphat: 
uridy! transferase activity by four different methods of assay. 

In fourteen galactosemie families, it was shown that the mean value for a 
group of heterozygotes is significantly lower than for a group of normal contro 
subjects when any of the four methods was used. Although the overlap betwee 
the groups is greater by the uridine diphosphoglueuronie acid (UDPG) eon 
sumption tests as compared with the Warburg measurements of oxygen uptake, 
the difference between the means as measured by the ‘‘t’’ test is not significant 
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In the course of these studies, a consistent lag period was noted after the 
addition of galactose-l-phosphate. It was shown that the concentrations of 
phosphoglucomutase, glueose-1,6-diphosphate, uridine diphosphoglucose, galac 
tose-l-phosphate, and epimerase were not the limiting faetors in this system. 
Qn the other hand, the lag eould be corrected by supplementation with g@lucose- 
6-phosphate dehydrogenase. This would indieate that there is either an actual 
deficiency ot elucose-6-phosphate dehydrogenase, or there is competitive inhibi 


tion with galactose-l-phosphate in this system 
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elpful and cooperative in every way and to the following physicians for referring patients to 
us for this study: Drs. Audrey Brown, Eugene Diamond, Samuel Foman, Minnie Frank, 
Alvah L. Neweomb, Normal Pokorny, and Edward Stabins. We would also like to acknow 
ledge helpful advice given by Drs. V. Sehwarz and HH. Harris and the assistance of Drs. 


Shirley G. Driscoll, and Kenneth Hugh-Jones, and June Cosbey in collecting the samples. 


REFERENCES 


1. Schwarz, V., Goldberg, L., Komrower, G. M., and Holzel, A.: Some Disturbances of 
Erythrocyte Metabolism in Galactoseamia, Biochem. J. 62: 34, 1956. 
”) Kalekar, H. M., Anderson, EF. P., and Isselbacher, K. J.:  Galactosemia, a Congenital 


Defect in Nucleotide Transferase, Biochim. et biophys. acta 20: 267, 1956. 
Hugh-Jones, K., Neweomb, A. L., and Hsia, D. Y.-Y.: Studies in the Genetic Mechanism 


ot Galactosemia, Arch Dis. Child. In press, 

$+. Holzel, A., and Komrower, G. M.: \ Study of the Geneties of Galactosemia, Areh. Dis. 
Child, 30: 155, 1955. 

>». Donnell, G. N., Bergren, W. R., and Roldan, M.: Genetie Studies in Galaetosemia. 


1. The Oral Galactose Tolerance Test and the Heterozygous State, Pediatries 24: 
$18, 1959. 


6. Huang, |., Hugh-Jones, K., and Hsia, DD. Y.-Y: Studies on the Heterozygous Carrier 
in Galactosemia, J. LAB. & CLIN. MEp. 54: 585, 1959. 

7. Hsia, Db. Y.-Y., Huang, 1., and Driscoll, 8S. G.: The Heterozygous Carrier in Galactosemia, 
Nature, London 182: 1384, 1958. 

8. Anderson, Fk. P., Kalekar, H. M., Kurahashi, K., and Isselbacher, K. .I.: \ Specific 
Enzymatic Assay for the Diagnosis of Congenital Galactosemia,. I. The Con 
sumption Test, J. LAB. & CLIN. MeEpb. 50: 469, 1957. 

% Bretthauer, R. K., Hansen, R. G., Donnell, G., and Bergren, W. R.: A Procedure for 
Detecting Carriers of Galactosemia, Proe. Nat. Aead. Se. 45: 328, 1959. 

10. Kirkman, H. M., and Bynum, E.: Enzymie Evidence of a Galactosemic Trait in Parents 
of Galactosemie Children, Ann. Human Genet. 23: 117, 1959. 

ll. Lemberg, R., and Legge, J. W.: Hematin Compounds and Bile Pigments. Their 


Constitution, Metabolism, and Funetion, New York, 1949, Interseienee Publishers, 
Inec., pp. 228 and 245. 

IZ. Bartlett, G. Re: Human Red Cell Glycolytic Intermediates, J. Biol. Chem, 234: 449, 1959. 

§. Najjar, V. A.: Phosphoglucomutase from Muscle, in Methods in) Enzymology, New 
York, 1955, Academie Press, Ine., vol. 1, }). P94, 

l4. Schwarz, V.: Personal communication. 


). Sidbury, tg B.. Jr.: Inhibition of Phosphoglucomutase With Galactose Phosphate, 
Abst. Am. Chem. Soe. 27¢ One Hundred Thirty-second meeting, 1957. 
16. Lerman, S.: Enzymatic Factors in Experimental Galactose Cataract, Science 130: 


1473, 1959. 
Strominger, J. L., Maxwell, E. 8., Axelrod, J., and Kalekar, H. M.: Enzymatic Formation 
of Uridine Diphosphoglucuronie Acid, J. Biol. Chem, 224; 79, 1957. 








KLECTROPHORETIC PARTITION OF CEREBROSPINAL FLUID 
AND SERUM PROTEINS IN MULTIPLE SCLEROSIS 
Davip Bronsky, M.D., SHERMAN E. Kapuirz, M.D., JoserpH Mucr, M.D., 
ALVIN DuBIx, M.S. AND EUGENE J. CHEsSRow, M.D. 
('Hicaco, Iu. 


The distribution of the proteins of the cerebrospinal fluid and scrum of 
20 patre nts with multiple sclerosis and 6 control pate nts was studied by filte: 
papa clectrophores &. The partition of the serum proteins was normal in all 


patients. The partition of ccrebrospinal fluid proteins of 6 patients rith mul 


tiple sclcrosis and an abnormal Lanae gold curve reaction showed a markedly 
significant increase of the gamma globulin and decrease of the albumin concen 
tration, and differed strikingly from simultancously studicd serum proteins. The 
partition of ccrebrospinal fluid proteins was normal in all othe patients st licd 
and was similar to the serum proteins. The duration of illness in patients I 
an tnCcTEaSE d cerebrospinal flu d daanma aglobulin concentration was significantly 
decreased, The inercase in gamma alobulin concentration in. these paticnts may 
be due to infiltration of the ecntral nervous system by plasma colls carly in the 


course of multiple sclerosis. 


MORE precise characterization of the distribution of the cerebrospinal 
A fluid protein fractions is provided by the recent development of methods 
for preliminary concentration of small quantities of protein-poor fluids so that 
reproducible paper zone electrophoresis ean be accomplished as readily as for 
serum proteins.’:? In this article, the simultaneous electrophoretic partitions 
of the cerebrospinal fluid and serum proteins of patients with multiple sclerosis 
will be presented and correlated with their clinical status. This study forms 
part of an inquiry into the protein composition of the cerebrospinal fluid in 
disorders of the central nervous system and the state of permeability of the 
blood—cerebrospinal fluid barrier. 


METHODS 


Twenty-three patients were studied. All presented histories, physical signs, and labora 
tory findings compatible with the diagnosis of multiple sclerosis. None had serologie evidence: 
of syphilis. Nineteen patients were long-standing inhabitants of a hospital for chroni 
disease, and four were observed on the neurologic service of a large general hospital. Eacl! 
patient was graded clinically according to the disability scale of Kurtzke and Berlin.t This 


and additional clinical data are presented in Table I. 
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IN MULTIPLE SCLEROSIS IQ2 
TABLE I. CLINiIcAL DATA IN 23 PATIENTS WITH MULTIPLE SCLEROSIS 
DURATION 
PRESENT | DISABILITY 
AGE AT DURATION SY MP- SCALE COLLOIDAI 
AGI ONSET OF ILLNESS TOMS KURTZKE GOLD 
CASE NO. SI VI YR YR. YR.) BERLIN CURVE 
1 M 39 5 l4o } Abnormal 
Z M 1) 31 i) 7 Abnormal 
3 M 58 14 14 | 7 Abnormal 
F 51 12 a) 6 Abnormal 
a) F 18 17 yy 7 \bnormal 
6 K 19 19 Vo \4o 8 Abnormal 
7 F 12 Oe 9 9 9 Normal 
8 M 14 29 15 12 = Normal 
9 11 32 9 } * Normal 
10 M +4 39 5 2 7 Normal 
1] M 27 19 8 8 7 Normal 
12 M 16 13 3 3 7 Normal 
I: F $2 36 6 6 7 Normal 
14 M 55 36 19 19 7 Normal 
15 M 52 14 8 2 q Normal 
16 M a2 15 7 7 9 Normal 
17 M 11 0 11 11 g Normal 
IS M 1 23 22 } 8 Normal 
19 KF 52 24 28 Iyo 7 Normal 
20 M 1] 5) 6 > 7 Normal 
21 M 16 13 3 7 Normal 
22 i 14 10 54 } 7 Normal 
93 | 35 25 10 5 7 Normal 
ise F3 18 1] 6 { 6 
M3 
normal 
ld eurve 
rage 6 +4 ; 12 6 S 17 
M11 
rmal 
d eurve 
The control patients consist of five men and one woman, 48 to 86 years old, average 
62 years, from whom cerebrospinal fluid and serum were obtained just prior to the 


tion of spinal anesthesia for elective surgery (for hernia, hypertension, femoral frac- 


and arterial insufficiency None had evidence of 


urologic disease. 


Preliminary coneentration and electrophoresis of the cerebrospinal proteins were per- 
10 cerebrospinal fluid is dialyzed 
20 per cent polyvinylpyrrolidone for 16 24 


as for serum proteins. 


“1 as previously deseribed, Briefly, about ml. of 


vh cellophane against to hours to a volume 
2 ml. Paper electrophoresis is then performed Greater experi- 
vith this method has demonstrated that: l 


deteeted in the cerebrospinal fluid: 2) 


all protein fractions identified in serum 
the alpha, globulin fraction is sometimes too 
to be clearly identified; and (3 


a clear-cut separation of the alpha, and beta globulin 


ons is occasionally difficult. Furthermore, certain protein fractions are observed in the 
These ( l ) pre- 


greater than that of albumin, observed in the majority of 


rospinal fluid which are not ordinarily observed in the serum. are: a 


in fraction, with a mobility 


2) a fraction intermediate in mobility between the beta and gamma globulins des 
here as the beta, globulin fraction,® and (3) a starting line artifact due to de 


ation of protein during the concentration procedure. The latter 


f the total 


seldom exceeds 1] per 


protein content so that preliminary dialysis against saline to prevent 


salt A 


sed concentration and lessen the degree of denaturation is satis- 


When 


unnecessary. 


y separation of protein fractions can be obtained in 92 per cent of specimens. 
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e amount of cerebrospinal fluid is adequate, failure cnn be attributed to extremely low 
rofein concentration, imsuflicient eoncentration, or coneentration to drvness with subsequent 


nabilits to locate protein in the reeesses of the cellophane bag. 


The colloidal gold curve reaction was performed according to. the method of Lange. 


The spinal fluid total protein) concentration was determined by the sulfosalicylie acid 
ethod.9 
For purposes of statistical analysis, the patients were divided into three groups: pa 
tients with multiple sclerosis and an abnormal colloidal gold eurve reaction, patients with 
ultiple selerosis and a normal colloidal gold curve reaction, and control subjects without 
eurologie disease, The mean and standard deviation for total protein and electrophoretic 


fractions of cerebrospinal fluid and serum of these groups were determined by standard 


heds (Table If). Differences between groups were analyzed by the ‘*t’’ test for non 


| 
tired samples (Table ITI 
RESULTS 


Serum Proteins. Tables Il and IIL.) <A sienifieant increase in eonecentra- 
tion of total serum protein was found in the patients with multiple sclerosis 
vho had an abnormal gold curve reaction. The eleetrophoretic partition ot 
serum proteins of this group, however, showed no significant difference when 
compared to the groups with negative gold curve reactions. The patients with 
multiple sclerosis who had a normal gold curve reaction showed a significant 
decrease of serum beta e@lobulins and inerease of serum albumin concentrations 

hen compared to the control patients. 

Cerebrospinal Fluid Proteins. Tables IL and I1l.) No significant differ- 
ences in total protein concentration was found for the three groups. The 
spinal fluid protein concentration was between 20 and 50 mg. per 100 ml. in 

| but four patients, The majority of the patients with multiple sclerosis had 
positive Pandy reaction regardless of the total protein concentration or the 
pe of gold curve reaction. The cerebrospinal fluid cell count and dynamies 
re normal in all patients. 

A highly significant inerease of the gamma elobulin concentrations were 
ind in the patients with multiple sclerosis who had an abnormal gold eurve 
ction. This was accompanied by a highly significant decrease in the con- 
itrations of albumin. The protein partition of patients with multiple sclerosis 
0 had a normal gold curve reaction showed a significant decrease of the beta 


bulin concentrations when compared to those of the control patients. 


TABLE II]. TESTS OF SIGNIFICANCE: THE ‘‘t’’? TEST 
PARISON TOTAI 
NO. PROTEIN ALBUMIN a, -GLOBI LINS @.-GLOBULINS B-GLOBULINS Y-GLOBULINS 
0.25 1.36 3.50 0.82 1.32 
L] 0.12 3.68" 0.95 0.85 0.20 4.84* f 
IT] 1.75 1.58 0.60 0.55 3.18¢ | 0.50 
lV 4.00*7 1.31 0.29 0.00 0.02 0.97 
V 1.07 2.20t7 0.09 0.77 3.35¢ | 1.10 
Comparisons: l Cerebrospinal fluid versus serum; all. groups II Cerebrospinal 
abnormal versus normal gold curve III Cerebrospinal fluid, normal gold curve; 
ple sclerosis versus controls , Serum abnormal versus normal gold curve. Vv 
normal gold curve; multiple sclerosis versus controls 


Upright arrow indicates significant increase, down arrow indicates significant decrease 
“Significant at 0.1 per cent level 

Significant at 1 per cent level 

Significant at 5 per cent level. 
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Comparison of Serum and Cerebrospinal Proteins —( Tables I and IIT. 
A significant decrease in the cerebrospinal fluid alpha. globulin concentration 
as compared to that of the serum was observed in all groups. A decrease ot} 
the concentration of beta globulins of both cerebrospinal fluid and serum in thi 
patients with multiple sclerosis with or without an abnormal gold curve reaction 


was evident when compared to that in the control patients. 


Clinical Correlation.—(Table I. Both groups with multiple sclerosis 
exhibited severe disability when graded by the Kurtzke-Berlin scale. The singl 
exception (Case 1) was a patient with an abnormal gold curve reaction. The 
duration of illness was less than one vear in only two patients, both of whom 
had abnormal gold curve reactions. Only one patient (Case 6), with neuro 
myelitis optica (Devie’s disease), could be classified as having acute multipl 
sclerosis. The average duration of disease was 6 vears in the patients wit! 
an abnormal gold eurve reaction and 12 vears in the patients with a normal! 
gold curve. In general, the patients with an elevated cerebrospinal fluid gammi 
globulin appeared to present a more active and earlier stage of disease thar 
did the others. Additional elinieal data are presented in Table I. 

To evaluate duration of disease as a factor which influences cerebrospinal! 
fluid gamma globulin concentration, the patients with multiple selerosis and 
a normal gold curve reaction were subdivided into a group of five patients wit! 
illness of less than 6 vears’ duration and 12 patients with illness of 7 to 34 vears 
duration, .A comparison of cerebrospinal fluid protein fraction concentrations 


revealed no significant differences. 


DISCUSSION 


The serum proteins in multiple sclerosis have been studied by many it 
vestigators with varying and sometimes conflicting results.'°?° These variation 
are the result, most probably, of differences in methods. If only studies i 
Which the techniques of zone electrophoresis are used are reviewed, most autho 
report a significant decrease in the serum albumin and an increase in the alph: 
globulin concentrations as compared to those in normal subjects. Had we als 
used as controls normal young adults?! rather than hospitalized patients, t! 
same results would have been obtained. Such changes have been found in 
large variety of diseases.2* They have been deseribed as nonspecific in chi 
acter comprising a generalized response to illness or to metabolie deterio! 
tion.'*** It is not clear why, in this study, the patients with multiple seleros 
and an abnormal gold curve reaction had an inerease in total serum prot: 
concentration. The absence of any significant difference between the ser 
protein partitions of the two subgroups of multiple selerosis confirms the findir 
of Press.'§ 

The cerebrospinal fluid proteins in multiple sclerosis have been studi 
most recently, by immunochemieal,?**" flocculation,’! chromatographic," 1 


bidimetrie,*> *° and ultracentrifugal'* methods as well as by free'® and fil 


aaper zone electrophoresis.!* !* There is general agreement that an inere 
| : 


in the concentration of gamma globulins in cerebrospinal fluid oceurs often 
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‘ 
multiple sclerosis. The reported incidence, however, varies froin 24+ to SO per 
cent" There is also agreement that a normal eoncentration of gamma 
vlobulins in cerebrospinal fluid oc¢curs not infrequently in typical instances 
of the disease. 


A review of the results obtained for cerebrospinal fluid proteins by zone 
eleetrophoresis does not eliminate variations from differences in) methods as 
readily as for serum proteins. The reported protein distribution for normal 
cerebrospinal fluid? ** varies greatly, probably as a result of the differences 
n proceedures used to concentrate the proteins. Kabat and co-workers" studied 
the cerebrospinal fluid of five patients with multiple selerosis. An elevation 
of the gamma globulins and a decrease of the albumin concentration was ob- 
served in the one patient in their series with an abnormal gold curve reaction. 
Theirs was the only study in which the technique of free electrophoresis was 
ised. In the following studies filter paper electrophoresis was used,  Roboz 
nd associates'? studied ten patients, all of whom had multiple sclerosis of long 
duration. Their gold curve reactions were not recorded. A significant deerease 
n the albumin and an increase in the beta and gamma globulin fractions were 


served as compared to those in normal subjects) When simultaneously per- 


ormed serum and cerebrospinal fluid electrophoretic diagrams were examined 


inspection a pronounced difference was observed in four of seven patients. 
|? 


ss'* studied thirty-five patients. The cerebrospinal fluid protein changes 


ere correlated with the Lange colloidal gold reaction, but no elinieal data 
ere recorded. The concentration of gamma globulin in 17 patients with an ab- 
rmal gold curve was 26.2 


7.7 per cent and in 18 patients with a normal gold 
ve 17.7 + 2.4 per cent of the total protein. The albumin concentration was 
ehtly decreased in patients with an abnormal gold curve. The other protein 
ctions were not recorded in detail. Needham and collaborators®® found the 
ative gamma globulin concentration to range from 31 to 34 per cent in 
' patients with an abnormal gold curve reaction and from 11 to 22 per cent 
I7 patients with a normal gold curve reaction. They did not record the 
' protein fractions. In contrast to these investigators, Cummings* found 
t the Lange reaction did not exactly parallel the amount of gamma globulin 
sent in the cerebrospinal fluid. The results of the four electrophoretic 
erams he obtained were evaluated by inspection. An inerease in cerebro- 
ial gamma globulin in the absence of a comparable change in the serum has 
» been noted by others,**"" but without reference to the Lange colloidal 
| reaction. 

In this study, the principal protein abnormality of the cerebrospinal fluid 


iultiple sclerosis consisted of an increase in the gamma globulin and a de- 


se in the albumin concentration in patients with an abnormal gold curve 
tion. In contrast, the distribution of the serum proteins in these patients 


normal. The protein partition of the cerebrospinal fluid and serum in pa- 


s with a normal gold curve reaction was normal, and resembled that of the 
ol subjects. These findings agree in general with the results of the afore- 
toned investigators. 








S388 BRONSKY ET AL. x | M 


The inereased cerebrospinal fluid gamma globulin content of some patients 
With multiple selerosis has been ascribed to the formation of gamma globulin 
Within the tissues of the central nervous system” In 1942, Bine and Neel 
suggested that the plasma cell within the central nervous system was the soure 
of the gamma globulin. This is in aeeord with the modern concept that the 
plasma cell is the site of gamma globulin production."’ This cell appears in 
moderate numbers in the cellular infiltrations found in some patients wit! 
multiple sclerosis.“ 4? Lichtenstein* states that such accumulations of cells ar 
more likely to occur during the acute stages of the disease. This would be in 
agreement with our observation that the increase in gamma globulin concentra 
tion of the cerebrospinal fluid oceurs in the earlier, more active stages of multipl 
sclerosis. On the other hand, Field* found that the elevation of gamma globuli 
in the cerebrospinal fluid was correlated with an increase in the lymphoevt 
content. Frequent attempts to correlate the abnormal cerebrospinal fluid: find 
ings in multiple sclerosis with the clinieal course and pathologic findings hav 


produced no consistent results. 


SUMMARY 


The distribution of the proteins of the cerebrospinal fluid and serum of p 
tients with multiple sclerosis and control patients without neurologic disease was 
studied by filter paper electrophoresis. Partition of the cerebrospinal fluid 
proteins demonstrated an inerease in the gamma globulins and a deerease in thi 
albumin concentration of those patients with multiple sclerosis who had 
abnormal Lange gold curve reaction. In these patients, the distribution of thi 
cerebrospinal fluid proteins differed strikingly from = simultaneously studi 
serum proteins. The distribution of the cerebrospinal fluid proteins in_ thi 
patients with multiple sclerosis who had a normal gold curve reaction did not 
differ significantly from those of the control patients and resembled the partition 
of simultaneously obtained serum proteins. The partition of serum proteins i 
all patients with multiple sclerosis was essentially unchanged from that of t! 
control patients. The duration of illness in patients with an increased conce! 
tration of cerebrospinal fluid gamma globulin was signifieantly less than for t] 
other patients. 

The increase of gamma globulins in cerebrospinal fluid may be due to 
formation by plasma cells which infiltrate the tissues of the central nervo 
system during the earlier more active stages of multiple sclerosis. 

We are grateful to Dr. Sheldon S. Waldstein for his review of the manuscript 


advice on statistical data and to Mrs, Jane CC, Arterbery and Mr. Charles D. Moody 


technical assistance. 
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INFRARED ANALYSIS OF SERUM PROTEIN FROM 
ONE HUNDRED AND FIVE HEALTHY ADULTS 
RicHaRD 1D). Stewart, M.D..* NorMAN E. SKELLY, PH.D., AND 
DuNCAN S. ERLEy, MLS. 

MipLaNp, Mich. 


Re prese nteative nfrarcd Spee tra of normal blood scrum and of serum prote mn 
fractions from 105 healthy adults are p «sented to demonstrate that infrared 
analusis adds a neu qual fat ( dimension to the investigation of the serum 

t 1 l f blood } t fract lyzed 
pro Clits, wo ¢ rOps 0 Mood Serum or a serum pro cin raction were anaryrece 
mma double beam wmfira cd spect ome te rr | rane of qualitative differcenec S tit 


the various normal albumin fractions and in cach of the three aqlobulin fractions 


was readily apparent, fdditional qualitative differcnecs were observed im scrum 
fractions from patie nts with > oplasms, Tn contrast, the range of ariation in the 
spectra of normal blood s¢ m as small, th most differenecs limited to the 
(iU 10 7.0 bh egdion, 


Hk initial experiments dealing with the technique of obtaining infrared 
spectra of blood sera' demonstrated that infrared spectroscopy offers a 
apid method for the analysis of blood serum. Infrared speetra of blood sera 
om patients with established diagnoses were presented to show the dramatie 
sitivity to differences in serum protein. However, before spectra of series 
sera or their protein fractions from a significant number of patients with a 
ngle disease are examined, it is necessary that a series of normal blood sera 
mples and serum protein fractions from these be analyzed to ascertain the 
nge of the normal pattern. This article is the report of the infrared analysis 


such samples from 105 healthy adults. 


MATERIALS AND METHODS 


Infrared Method.—The infrared spectrometer used for this study was the improved 
‘al null instrument described by Herscher and coauthors.2. The details of the method 
been described previously, so only a brief description is given here. Two drops of 
sample are spread out between two BaF, crystal windows and placed in the sample 
of the spectrometer. Either distilled water or pooled serum in a similar cell is placed 
e reference beam of the spectrometer. When scanned with water as a reference the 
g absorption bands of the proteins are observed. When scanned with pooled serum 
reference the common absorption bands are cancelled and only differences between the 
e and reference are recorded. The total time required to obtain the infrared spectrum 
pproximately 15 minutes. During 12 of these minutes the spectrometer is automatically 
From the Medical Department, Analytical Laboratory, and Spectroscopy Laboratory, The 
Chemical Company, Midland, Mich 
Received for publication Sept. 29, 1959 
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recording the spectrum, and thi operator is) free to prepare the succeeding sample. The 
spectra presented are photographs of original tracings produced automatically by the 
Infrared spectrometer, Wavelength in microns is indicated on the abscissa, and absorbeney 


s plotted on the ordinate. 


Serum Samplces.—Serum from venous blood was obtained from 105 healthy adults, ages 
17 to 45 years, with a mean age of 24 years. Prior to seleetion as a normal subject, a 
complete history was obtained and a thorough physical examination was performed. Each 


subjeet had the following clinical examinations: chest x-ray, timed vital capacity, orthorater, 
audiogram, Kahn test, hemoglobin, white blood cell count, urinalysis, and other indieated 


Clinical blood tests, 


3 
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Fig. 1 Absorption at 278 my of eleetrophoretic collection tip) fraction from normal bloo 


serum 


Group # Kight sets of ten sera each, 
1, Each serum sample was seanned differentially with the serum in the sample bear 
and with sera pooled from its group of ten samples in the reference beam. 


2. Each of the eighty serum samples was scanned with distilled water in the reference 


upon twelve of the samples, 


t+. Seventeen of the samples were concentrated five times by weight by evaporation 


under vacuum, After this they were scanned differentially against a concentrated pooled 


control serum sample and against distilled water. 
Group B; Twenty-five sera were scanned with distilled water in the reference bean 


Separation of Scrum Protein Fractions by Continuous Flow Curtain I lectrophoresis. 
\ Spinco model CP continuous flow paper electrophoresis cell with automatie fraction col 


lector was used. A buffer solution, pH 8.6, was prepared by dissolving 61.8 Gm. of bori 


iid and 9.6 Gm. of sodium hydroxide pellets in 20 L. of distilled water. A 10 mm. diamete: 


sample tube was filled with approximately 5 ml. of human blood serum. The height of the 


buffer in the reservoir was set at 2.5 seale units. Water at a temperature of approximately 


10° ©. was cireulated through the cooling plate. 


3. Electrophoretic separation of the serum proteins for infrared analysis was performed 
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he instrument to come 


to equilibrium with the power 
rate of O.4 ml. per hour on a tab 


After allowing 3 to 4 hours for t 


supply set at S60 volts, the sample flow was started at a 
nches from the negative side of the curtain. Thirtv minutes after the fastest moving 
of serum protein fractions from the 


omponent reached the bottom of the curtain, collection 
rty two tips Wis begun. These were collected for 8S to 12 hours, 
Alternate fractions of the thirty-two which were collected were seanned on a Cary 
the 250 to 310 mpm region. \ typical plot of the 


he 2 
Fig. 1. The albumin and 


cording spectrophotometer model A’ in 


bsorption at 278 my of the normal fractions is presented in 


ramma globulin fraetions were easily identified, whereas the alpha and beta globulin fractions, 


aving less absorption at 278 my, were less easily identified. In most instanees it was 
npossible to separate sharply alpha, and alpha. globulin fractions. Separate samples of 


tthumin and gamma globulin were fractionated under identical eonditions., The plot of the 


bsorption at 27S ma is shown in Fig. 2.) This use of the ultraviolet absorption was 
superior to curtain staining for identification of the various serum fractions. 


The fractions were combined into four groups: albumin, alpha globulin, beta globulin, 
d gamma globulin. These were concentrated to 0.75 ml. in a rotating evaporator flask 
mneeted to a vacuum pump. The samples were then dialyzed against 0.9 per cent saline 


remove the borate buffer which has strong broad absorption bands at 7, 7.5, 8.65, and 10 pg. 


4, 


ABSORBANCE AT 276 mu 


2: 





ALBUMIN 





GAMMA GLOBULIN 





76 20 22 24 26 26 
COLLECTION TIP NUMBER 





trophoretic collection tip fractions 1, Pure albumin B, 


\bsorption at 2723 mya of elec s 
Pure gamma globulin 


RESULTS 


105 


Vormal Serum Scanned With Water in the Reference Beam.—Oft the 
104 showed essentially the same pattern between 


rared spectra obtained, 
Kige. 3 is the infrared 


yand 10.0 7, with minor variations observed below 7.5 ja. 


etrum of a representative serum sample. The absorption bands are due to 


tm protein which masks both serum carbohydrate and lipid constituents 


en these are present in normal concentrations. The molecular structures 


ch give rise to these absorption bands remain to be determined. 
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Fig. 3 Infrared spectrum obtained most frequently from the blood serum of healthy 
vdults Serum scanned with distilled water in the reference beam 
Fig. 4 Infrared spectrum of blood serum from a 22-year-old woman showing absor] 
tion at 7.8 yu Serum scanned with distilled water in the reference beam 
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Fig. 5.--Typical infrared spectra showing the 


Variations in the normal blood serum patte! 
it a5 


The one serum which showed a marked difference from the other speetr 
patterns was obtained from a 22-vear-old woman. This spectrum (Fig. 4 
has a prominent absorption band at 7.8 p. 

The Variations observed below 7.5 Lu fall into four different GTOUps, pri 
cipally characterized by their absorption between 7.5 and 7.4 p. Fig. 5 show 
this area in four representative spectra. Pattern .1 was present in 7 per cet 
of the sera, pattern B in 49 per cent, pattern C in 24 per cent, and pattern / 
in 20 per cent. Serial spectra of serum obtained from the same individu: 
at weekly intervals revealed that the pattern in this region is not constan 
Pattern B, present one week, may be replaced, for example, by pattern C tl 


following week. The reason for these variations has not been studied. 
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7 8 9 10 7 8 9 10 
Differential scans between two pairs of normal blood 


sera Serum scanned with 
pooled sera sample in the 


reference beam 


Vormal Serum Scanned With Pooled Normal Serum im the Reference 
Beam.—Fighty differential scans were run with a normal serum in the sample 
eell and with serum pooled from ten individuals in the reference cell, 
The normal serum sample constituted one tenth of the pooled sample. Seventy- 

ree of the differential seans showed no significant new absorption bands as 
ve been observed in pathologie sera spectra.’ Two representative differential 
‘ans from this normal group are presented in Fig. 6. The smaller deflections 
isible are due to instrument background noise. In Fig. 6A the downward 


fleetion at 7.1 to 7.2 » indicates that more of a particular protein complex 
s absorbing energy in the sample beam than was being absorbed in the 
ference beam. This is due to a slight mismatch of sample and reference 
sorption, arising either from small coneentration differences, or from =a 
fference between the cell thickness of the sample serum and that of the 
ference serum. This same absorption also appears in Fig. 6B, and sinee its 
10 to the other serum absorption bands is the same as that found when 
nning pooled serum versus distilled water, it is interpreted as arising from 


ell mismateh and not from an abnormality in the serum. 
The seven sera in which pattern A was observed showed a band between 
and 7.4 » when scanned differentially 


ns versus distilled water. The band at 7.8 » was also confirmed in the serum 
etrum of the 22-vear-old woman mentioned previously. 


confirming this observation in the 


Infrared Analysis of Serum Protein Frac tions Obtained by Curtain Electro- 


reESIUS, 


Albumin: Fig. 7 is the infrared speetrum of a pooled sample of human 
imin obtained from the Michigan Department of Health. Fig. & is a repre- 
tative spectrum of albumin from the serum of an individual in this normal 
3 


Although the sample in Fig. 8 is less concentrated than the one in Fig. 7, 
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its infrared speetrum is identical. Definite broad absorption bands are present 


at approximately 6.9, 7.15, 7.65, 8, 8.55, 8.95, 9.2 40 9.25, and 9.5 pe. 


Qualitative differences between albumin fractions were noted in the infrared 
analysis of these fractions. For example, Fig. 9 is the infrared speetrum ot 
the albumin fraction of the serum in Fig. 5A. This demonstrates that the 
absorption band in the serum at 7.35 is due, at least in part, to a band at 
this wave length in the albumin speetrum. The absence of an upward deflection 


at 6.95 iT is also noted. 
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7 8 9 10 7 8 9 10 
Fig. 7 Infrared spectrum of pooled human albumin, scanned with water in the reference 
bean 
Fig. & Infrared spectrum of the serum albumin fraction of a healthy adult, scanne 
With water in the reference beam 
500 1000 500 100 





7 8 9 10 7 8 9 10 
Fig. 9 Infrared spectrum of the albumin fraction from the blood serum shown in F 
dA, scanned with water in the reference beam 
Fig. 10.—Infrared spectrum of the serum albumin from a_ patient with lymphosarcon 
scanned with water in the reference beam The absorption at 8 yw is stronger in relation 


the other bands than in the albumin fractions obtained from normal serum 
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The pooled albumin sample of Fig. 7 was cleetrophoresed under standard 
operating conditions. The collected) fractions were arbitrarily divided into 
three groups, designated as the slowest moving fraction, the middle fraetion, 
and the fastest moving fraction. Although the three fraetions obtained had 
ery similar spectra, the middle fraction was observed to have no upward 
defleetion at 6.95 , (similar te Fie. 9), whereas the slowest moving fraction 
showed a very marked maximum at this wavelength. 

To illustrate further that infrared speetroscopy can detect qualitative 
differences between albumin fractions, Fig. 10 is presented. This is the spee- 
trum of the albumin fraction from a patient with Ivymphosareoma. Again, 
no maximum is observed at 6.95 » and the absorption at 8.0 j is stronger in 
relation to the other bands than in albumin fraetions obtained from normal 


serum. 


Alpha globulin: The alpha and beta globulin fractions required consider- 
ably more concentration than the albumin and gamma globulin fractions before 
an infrared spectrum with more than one absorption band could be obtained. 
This indicates that in the speetra of normal sera they exert little influence upon 


he spectral pattern except for their absorption bands in the 7 region. 


500 1000500 100 100 





7 ~ a 7 8 9 


ss, 23 and. is Infrared spectra of alpha globulin fractions from three normal blood 
sera, scanned with water in the referance beam Note the qualitative variations 
The infrared spectra of the normal alpha globulin fractions exhibited 
ked qualitative variations. Examples of three of the patterns observed are 
sented in Figs. 11, 12, and 13. In the lower tracing in Fig. 11, obtained 
ise of the pen expander, absorption bands are noted at 6.9, 7.05, 7.4, 7.9 to 


925, and 9.6 ». Fig. 12 is similar to Fig. 11 except that it has a band at 


' u instead of the broad band in the 8 » region. In Fig. 13 bands at 8.3 and 
are noted. Ratio differences between depths of bands was observed in 


e and the other nine spectra of alpha globulin fractions. 
Beta globulin: The infrared spectra of two beta globulin fractions are 
nin Figs. 14 and 15. In Fig. 14 absorption bands are present at 6.9, 7.15, 
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1.65, 7.9 to 8.1, 8.6, 9 to 9.1, and 9.3 to 9.7 


aw. The speetrum in Fie. 15 has 


an additional band at 7.35 to 74 4. This beta globulin fraction was separated 
from the serum of Fig. 5A. Thus, both the albumin and beta globulin fraction 
absorption bands in this area contribute to the band noted at 7.4 » in the 
spectrum of untractionated sera. 


Four of the beta globulin fractions failed to have an absorption band at 


wu. Five fractions had only small bands visible at 8 yu 


Gamma globulin: A representative spectrum of gamma globulin is shown 


in Fie. 16. A strone characteristic absorption is observed at 8.05 0, in addition 
to the bands at 6.9, 7.15, and 8.65 pu. These bands were found in all twelv 
normal fractions. In addition, three of the fractions had an absorption band 
at 7.55 to 7.4», one had a weak band at 7.6 », and the fraction in Fig. 16 shows 
a band at 9.38 pa. 


a aa! 
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$44 4 
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8 9 10 7 8 9 10 


| 
si 


Figs. 14 and 15.—Infrared spectra of beta globulin fractions from two normal blood ser 
scanned with water in the reference beam Fig. 15 is the fraction from the serum show! 
in Fig. 5A, and has an additional band at 7.35 to 7.4 u 


Fig. 17 is a differential spectrum between two gamma globulin fraction 
having essentially identical individual spectra. Sinee the deep bands at 8.05 
were cancelled out, the two samples were considered to be approximately equi 
in concentration. A prominent band at 7.25 » was uncovered by this differenti: 
technique, and represents a real difference between the two fractions analyze 

In the article devoted to the technique of obtaining infrared spectra « 
water solutions,' a spectrum of normal gamma globulin obtained commercial! 
was presented which featured a very prominent 7.5 » band. Not one of t! 


twelve normal gamma eloblin fractions in this series had a band at 7.5 
although several showed a very weak absorption at 7.4 . This suggests th: 


the commerical firm’s method of separation results in a different form 


gamma globulin or that it contains an impurity not present in this series. 
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Fig. 16 Infrared spectrum of the gamma globulin obtained from normal blood serum 
canned with water in the reference bean 
Fig 17 Differential scan between two normal gamma globulin fractions. The leep 
bands at 8.05 w are cancelled out, and a prominent band at 7.25 is noted to represent a real 


fference between the two fractions 


Infrared Analysis of Blood Serum Samples Concentrated Fivefold by 
Evaporation. Seventeen of the serum samples were concentrated with the 
xpectation of inereasing the sensitivity to minor variations in the chemical! 
makeup. Surprisingly, no new absorption bands were observed when the 
concentrated sera were seanned either with water or concentrated pooled 
serum in the reference beam. Concentrating serum gives rise to problems 
nh matehing the concentration and salinity of the sample and reference 
solutions; but this disadvantage may be offset by the advantages of using 
hinner cells so that less light is lost to water absorption. Sensitivity to the 
bnormalities found in pathologic sera should be inereased if concentration 


chniques Can he made sufficiently reproducible. 


DISCUSSION 

The range of variation in the infrared spectra of normal blood serum is 
rprisingly small. Ninety per cent of the sera in this series had virtually 
lentical spectra. In the other 10 per cent, the speetral variations occurred 
y in the region between 7.0 to 7.5 4, with the single exception of the serum 
own in Fig. 4 whieh had an absorptive band at 7.8 «. Therefore, any variation 
serum pattern in the region between 7.5 and 10 4 probably represents a 
nificant abnormality. A thorough investigation of this method for use 

diagnostic tool is now merited, 
The most important finding in this study is the demonstration that infrared 
lvsis of the individual protein fractions provides a_ reliable method for 
teeting major qualitative differences between two fractions which have 
tical electrophoretic properties. That there does exist a range of qualitative 
erences in the serum albumin and globulin fractions in a group of healthy 


ne adults is most interesting. 
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The study of the qualitative differences in the serum protein fraetions 
i! 


various disease states could prove to be of diagnostic signifieance. In two 
spectra of gamma elobulin fractions from sera of patients with multiple 
myeloma featuring high levels of gamma globulin’ a strong 7.6. absorption 
band was noted. This band indicates a difference in either strueture or com 
position from normal gamma globulin. It is hoped that an interpretation 
of such bands may provide a clue to actual structural differences between these 
molecules. Thus, the infrared analysis of the serum protein fractions adds 


a new dimension to the study of serum protein in health and in disease. 


SUMMARY 


The results of the infrared analysis of the serum protein from 105 healthy 
adults are presented. The range of variation in the infrared speetra of norma! 
blood serum is small with most variations occurring in the region between 
7.0 to 7.5 ». Any variation in the region between 7.5 and LO a probably repre 
sents a significant abnormality. 

The infrared analysis of the individual serum protein fractions demon 
strated that a range of qualitative differences in the serum albumin and globulin 
fractions in the healthy adult group does exist, and so adds a new qualitative 


dimension to the Investigation of the serum proteins. 
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KERECT OF LONG-TERM TREATMENT WITH CHLOROTILLAZIDE ON 


BODY FLUIDS, SERUM ELECTROLYTES, AND EXCHANGEABLE 
SODIUM IN HYPERTENSIVE PATIENTS 


PHitie LAUWERs, M.D..* anp JAMES Conway, M.D... Pu.D.** 
ANN ArBor, MICH. 


The offeets of chlorothiazide « 


m body fluids and cleetrolytes ha 


been studicd 
n fifteen hype fe nsive paticonts ho 


taking the drug for 26 to 60 days. 


No significant changes we found in blood olume, cartraccllula 


Space, and 
erchanagcable sodium. Total body wate 


total and serum potassium were decreased 


The implications of th 


xe findings on ou understanding of the 


mechanism of chlorothiaride a ad 


antihy pe 


scussed, 


Hk administration of chlorothiazide to human subjects produces initially an 
increase in urine volume and a fall in body weight. Associated with these 
changes, the blood pressure is frequently reduced in hypertensive patients.’ 
In the first week of treatment, it has been shown that a reduetion in blood 


olume® and sodium loss! aeeompany the decline in blood pressure. 
The purpose of this report is to present studies on body fluid compartments, 


serum electrolytes, and on exchangeable sodium after more prolonged periods 


treatment and to examine whether changes in any of these variables have a 
clation to the changes in blood pressure. 


MATERIALS AND METHODS 


The 15 patients chosen for this study had an average diastolic blood pressure of at 
st 100 mm. Hg as determined by daily home blood pressure readings with the patient 
the recumbent position for a 2 week period. 


The studies to be described were performed with the patients in the fasting state 
n the recumbent position prior to and after treatment with 500 me. of chlorothiazidet 
daily for 26 to 60 days. The patients were asked to avoid adding sodium chloride to 
food but their diet was otherwise unrestricted. No potassium supplement was given. 
posttreatment blood pressure was taken as the average of daily readings for the week 


to repeating the test. 


In 4 patients total body water, extracellular fluid volume, plasma volume, serum sodium, 
potassium, and exchangeable sodium were measured, In 5 patients the same program 


initiated but for various reasons it was not possible to obtain the complete series of 


before and after therapy. In an additional 6 subjeets changes in) blood volume 
were measured, 
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Total body water was measured by the antipyrine dilution method of Brodie. After 


starting an infusion of 5 per cent glucose in the left antecubital vein, 15 ml. of a 10 per cent 
antipyrine solution was administered over a 5 minute period through a syringe connected 
to a three way stopeock inserted into the intravenous set. The empty syringe was flushed 
out several times with the glucose solution and the infusion was discontinued, Blood 


samples were drawn from the right antecubital vein each hour between the third and sixth 


hours after the injection and the plasma antipyrine concentration was determined by the 
absorption at 350 my of nitrosoantipyrine obtained after addition of sulfurie acid and 
sodium nitrate to the deproteinized blood. The plasma concentration at zero time was 
obtained by extrapolation of the time-concentration curve back to the time of injeetion, 

The blood volume was then estimated by the dye dilution method using Evans Blue. 
\ weighed volume of 8 to 5 ml. of a 5 per cent Evans Blue solution, was injected) intra 
venously after the last blood sample was drawn for the previous test. The needle was 
Hushed with 5 ml. of saline after the injection. After 15 minutes had elapsed for intra 


vascular mixing, four samples of blood were withdrawn without venous congestion ato 
minute intervals from oan indwelling needie in the antecubital vein of the opposite arn 
Hematocrit) determinations were made on the second and fourth samples of blood. | The 
concentration of Evans Blue in the plasma was measured photometrically using a Beekman 
spectrophotometer at oa wavelength of 620 ma. The dilution of Evans Blue in’ plasma 
Was estimated by extrapolation to the injection time of the time-concentration curve. — In 


gave values within 


experiments determinations in the same subjeet on 2 successive days 
l per cent of each other 

The ~*racellular fluid space Was mensured hy the sodium dilution method of Kaltreider 
and colla ors. The indicator, 3 we of Na22, was injeeted into the anteeubital vein 
and blood samples were taken 20, 30, and 40 minutes afterward for determination of the 
radioactive sodium concentration, The extracellular fluid volume was determined from the 
radioactive sodium concentration at zero time as obtained by extrapolation of the time 
concentration curve The total exchangeable sodium was calculated from the Na cor 


centration in serum after equilibration for 24 hours with allowance being made for th 


mensured urinary excretion over this time. The formula was: 
Nu 
Exchangeable Sodium Na22 injeeted Na22 excretes XN 
: Na 
Na 


To suppleme nt these detailed studies the blood pressure and changes on body weight 


of S38 patients on chlorothiazide tl rapy for an average of oO.4 months have also beet 


recorded, 
RESULTS 


Body Weight.—The early reduction in body weight which usually appeared 
hetween 24 and 48 hours after chlorothiazide therapy persisted throughout th 
period of observation. In the group of 838 patients this change in weight aver 
aged 3 per cent of the initial value (Fig. 1). This applied to those in whon 
the fall in systolie and diastolie pressure exceeded 10 per cent of the initial lev 

responders) and to those who did not show this change (nonresponders). hh 

the 15 patients undergoing fluid volume studies the average fall in body weight 
was 2.1 kilograms regardless of the presence or absence of reduction in_ bloo 
pressure. 

Body Fluids, Serum Electrolytes, and E.wchangeable Sodium.—Plasm 
volume determinations in 11 patients are shown in Table I. They are compare 
with the blood pressure changes which averaged —24/-13 mm. Hg, whereas t! 
plasma volume changes averaged 51 ml., or less than a 2 per cent reduction 


The observations on extracellular fluid) volume, total body water, seru 
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TABLE I. RESULTS OF TREATMENT WITH CHLOROTHIAZIDE ON BLOOD PRESSURE, 
Brioop VoLuME, AND HEMATOCRIT IN HYPERTENSIVE PATIENTS 





DURATION OF BLOOD PRESSURE* PLASMA VOLUME HEMATOCRIT 
PREATMEN (MM. Hg (ML. %) 
A\TIENT DAYS BEFORE CHANGH BEFORI CHANGI BEFORE CHANGI 
170 12 
| 39 2.807 253 17.8 1.0 
126 28 . 
2)*)() 6S 
2 0 2 O00 245 1.4 +O.8 
' 120) 22 , 
183 oe 
PR ee IT A) 15] 24.9 +1.0 
. 128 oY , 
}S0) 50) 
Wy? 318 3.7 +2.9 
j 60 i004 14 1,921 l 13. 
15a t) 
D ou 100 13 100 Q5 13.5 0.4 
160 «) 
6 ay 100 1 ~ O50 B30 12.9 OD 
162 12 
7 20 TS 12 3,024 279 17.5 0.1 
oh) 22 
- ‘a ies | ow re 
Ss ) 108 1? 24. ol oid 1. 
179 27 
a) 30 3.104 279 17.6 2.4 
100 S 
166 16 7 
10 6 10] ' 3.263 r S O.2 
164 2 
1] Z nl 2,060 141 $4.1 O.4 
1038 + | 
Mean 36 vi <4 2.568 D1 $5.9 eh 
LOS 13 
*Average of the recumbent blood pressure readings Patients are arranged in order of 
easing effect of chlorothiazide on blood pressure 
‘trolyvtes, and exchangeable sodium are summarized in Table LL. Findings on 4 
Hients, in whom the complete set of observations were obtained, are illustrated 
phically in Fig. 2. 
The loss in body weight was consistently associated with a decline in total 
water, which averaged 1.8 lL. In one case neither a decline in body water, 
veight was observed (Patient 7, Table 1). Extracellular fluid and plasma 
Ine changes were insignificant, averaging -0.2 L. and —51 ml., respectively. 
ust therefore be coneluded that the loss in water and body weight was the 
t of a fall in intracellular fluid and this was seen in the patients in whom 
lations of both body water and extracellular fluid were made (Table ITT). 
t there was an average fall of 1.9 L. and in one patient there was an increase 


tracellular water and body weight. 
The serum sodium coneentration was in general unchanged, whereas the 
| potassium showed an over-all downward trend, the average reduction 


| 


(2 0.4 mEq. per liter. 
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change A partial explanation for this difference resides in the fact that sor 
of their studies were performed on patients who were treated fer a pet 
of less than S days In studies performed in our laboratories an early 
duetion ino plasma volume was also found When the data obtained 


patients treated for a period between 26 and 60 davs IS analy zed, however, 1 ‘ 
early reduction in plasma volume is no longer present. The tendeney ot 
blood volume to Inerease alter lone term thie rapey Was noted 1), hers? altho 
he was unable to show a return to normal valttes This lift PeCTICE between ‘ 
and our results remains unexplained. Studies very similar to ours have rece 
heen reported yy (‘ottiel in Which he showed that extracellular fluid) vol 
was not redueed after 4 weeks of ¢! lovothiazide ther: }>\ 

A change in the mechanism of thy hypotensive action of c¢hlorotht 


o occur with the passage of time We have shown that eardiae out 
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exchangeable sodium after long-term therapy with chlorothiazide. Although the 
drug is a potent saluretic agent our results do not support the coneept that 
sodium depletion is present after prolonged therapy, sinee we are unable to 
find a consistent reduction in total exchangeable sodium or in serum sodium 
atter long periods of treatment. It is indeed doubtful whether sodium depletion 
plays an important role in the early phase of treatment since Hollander! was 
able to show that the abolition of a negative sodium balance by means of fluoro 
hydrocortisone soon after initiation of treatment did not reverse the existing 
blood pressure reduction. However, the restoration of sodium balance I) 


adrenal steroids does not guarantee the proper distribution of electrolytes. Thess 
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Fig. 2 Effect of long-term therapy with chlorothiazide on body weight, plasma volume, ext 
cellular fluid volume, total body water, and exchangeable sodium in 4 patients 
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objections apply also to our results on exehangeable sodium since this teehnique 
can only estimate the pools of metabolically active ions and not their distribu- 
tion or content in the body. 

Almost every patient showed a fall in body weight. This was reflected by a 
decline in total body water. Since there was no change in extracellular fluid or 
plasma volume at this time, it was coneluded that the fluid was removed from 
the intracellular compartment. 

Since long-term therapy leads to a reduction in total peripheral resistance, 

is possible that intracellular dehydration affecting the arteriolar wall may be 
of importance in the blood pressure reduction produced by chlorothiazide, and in 
this connection one might be tempted to suppose with Tobian'? that dehydration 
of the vascular wall could bring about this change. However, the possibility 
of changes in the behavior of the muscular elements in the arteriolar wall will 
SO require consideration, 

Although the reduction in intracellular water after chlorothiazide may have 
been directly induced by the drug, the reservation must be made that it could 
be a secondary effect of some other change known to dehydrate cells. Potassium 
depletion could be responsible for this sinee it is known to oceur regularly 
during chlorothiazide therapy® * and has been shown to result in intracellular 

epletion of water in normal individuals." It has also been reported that low 
otassium diets may lower the blood pressure in experimental animals' and 
nian, This explanation of the antihypertensive effect of chlorothiazide 
scoms unlikely since the reduetion in body potassium does not correspond with 
‘observed changes in body water. This point requires further investigation, 
Our observations on body fluids and electrolytes after long-term therapy 
chlorothiazide show that a reduetion in intracellular fluid volume is the 
change whieh occurs regularly. It is possible that cellular dehydration 


its effect on the blood vessels leads to a reduetion im blood pressure, 


SUMMARY 


(Changes in body fluid, serum electrolytes, and exchangeable sodium have 
determined in’ hypertensive patients taking | Gm. of chlorothiazide 
for a period between 26 and 60 days. The most consistent change was a 

ease in total body water whieh was believed to come from intracellular 

r depletion. No consistent changes were seen in plasma or extracellular 
volume or exchangeable sodium. The importance of this finding in the 

d pressure redueing action of chlorothiazide is discussed. 

We wish to thank Dr. S. W. Hoobler for his valuable help in this project, and also Ray 

vuski for the chemical estimations, and Gladys Knoll for the teehnical assistance in 

lin this study. 
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During the ensuing hour, cardiae catheters were placed in the pulmonary artery, coronary 
sinus, and right atrium and an indwelling needle was placed in the femoral artery. Complete 
air collection was ensured by placement of a cuffed endotracheal tube connected through a non 
rebreathing valve to a Tissot spirometer and to a three way stopcock which permitted a rapid 
thange from inhalation of room air to inhalation of a mixture of 21 per cent oxygen, 64 


per cent nitrogen, and 15 per cent nitrous oxide, Cardiac output was determined by the 


Fiek principle and coronary blood flow by the nitrous oxide saturation method. Pressures 
were measured by Statham strain gauges with the mean pressure determined by electrical 
Integration on the Sanborn Poly-Viso. Cardiac rate was measured from an appropriat 
electrocardiographic lead. Methods and calculations have been previously deseribed., 
CH3 
CH3 
O - CH - CH, Nt CH, .CI 
| CHzy .H20 
CH3 CH3 
Fig. 1.—SKF 6890 


After the control hemodynamic measurements, the drug was given intravenously in 
dose of 5 mg. per kilogram to all dogs except one which received 10 mg. per kilogram. The 
drug was administered slowly because it was established by preliminary experiments that if 


Was ven rapidly a transitory rise in blood pressure and heart rate would occur followed 


vi 
a transitory decrease in pressure. If the drug was administered slowly over a period of 09 t 
10 minutes a rate of administration could be found in which there was a steady decline 

blood pressure without the transitory overshoot and with which no marked change oecurred 
in cardiac rate. Tachyphylaxis occurred, even over a period of 5 to 10 minutes, so that thy 
rate of administration was gradually increased to secure the hypotensive effect. The secon 
set of hemodynamie observations were begun an average of IS minutes after the onset o 


drug administration when the animals’ blood pressure, pulse, and respiration seemed stable 


RESULTS 

Results, summarized in Table 1, reveal that after administration of ShE 
6890 there was a slight and insignificant acceleration in pulse, whereas system 
arterial blood pressure (p<0.02), mean pulmonary arterial blood pressur 

p<0.05) and right atrial mean pressure (p<0.05) decreased significant!) 
Neither oxygen consumption of the animals nor the body respiratory quotien 
changed significantly. The systemic arteriovenous oxygen difference (p<0.01 
and the venous-arterial difference for carbon dioxide (p<0.02) increased sig 
nificantly. The coronary sinus oxygen content decreased significantly (p<0.01 
and there was significant widening of the arteriocoronary sinus oxygen differen 
(p<0.001). Neither the hemoglobin nor hematocrit changed significantly dur 
the experimental period. 

Cardiae output was slightly but significantly reduced (p<0.05) and t! 
stroke volume was even more significantly redueed (p<0.01). Total peripher: 
resistance increased slightly but insignificantly, with considerable variation fro 
animal to animal. Total pulmonary resistance was similarly variable. Li 
ventricular work (p<0.01) and right ventricular work (p<0.01) were signi 


cantly reduced. 
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PABLE | 
BEFORI AFTER WW, P 
DETERMINATION + S.D. + S.D. CHANGE VALUI 
Cardiac rate a9 + 97 OQ] + 35 +10.] <6, 
Systemic mean arterial blood pressure 
mm. Hy 128 + 9 118 + 10 Kees < 0.02 
Pulmonary mean arterial blood pressure 
mim. Hy i¢ = 5 14 + 4 a <O0L05 
Right atrial mean blood pressure (mm. Ig EO = 13 a2 + 1S 20.0 < 0.05 
Body O, consumption (ml./min, lie + 3 [22 = 32 2.9 KO. 
ody respiratory quotient 0.85 + 0.07 OSS + 0.09 . Sh <0.1 
Arterial O. content (ml./100 ml. blood 18.1 + 2.0 ie = 23 + 1.2 <5 
(rteriovenous QO, difference (ml./ 100 ml 
blood 18 + 0.5 a6 = }.] +16.7 < 0.01 
Mixed venous arterial CO, difference 
ml. /100 ml. blood LO * OLS La: = i2 +POW <0.02 
Coronary sinus blood O, content 
ml./100 ml. blood 1.8 + 1.8 ae 2 Ee 31.3 <0.01 
\rteriocoronary sinus ©, differencs 
ml./ 100 ml. blood 3.3 + 1.9 ixd = 2.1 + 15.8 <0.001 
Hemoglobin content arterial blood 
Gm./ 100 ml, 15.0 + 1.8 iat iS + 0.7 < 0.6 
Hematocrit (arterial blood i343 + G 9 + 6 Ae < 0.2 
Cardiac output (L./min, 2.6 + 0.8 2.3 = 0.8 10.4 O.05 
Stroke volume (ml. sa & Fi 21 = 1 13.1 <0.01 
Total peripheral resistance 
dynes em. sec, Lof8 + 1,224 $578 + 1,479 me < 0.4 
tal pulmonary resistance 
dynes em, sec, 553 + 250 530 + 175 }.? <0.7 
eft ventricular work ( Ke. M./min. $.4+ 1.6 aa = EA 18.2 <001 
tight ventricular work ( Ky. M./ min. 0.6 + 0.2 0.4 + 0.2 21.8 <O.01 
rronary blood flow (ml./100 Gm./min., 73.2 15 Gl = 3 16.5 < 0.001 
Myocardial O, consumption 
ml./100 Gm./min. 9.7 = 2.0 9.3 + 2.4 +. 1 <0.4 
ronary vascular resistance (units LSO + O36 2.04 + 0.53 +13.3 < 0.05 
ndex of efficieney (left ventricular work 
ardine metabolic rate O 0.47 * 0.16 0.41 + 0.15 12.8 <.05 
*s. D standard deviation of the mean 


The coronary blood flow decreased (p<0.01), but the eardiae metabolic rate 
” oxygen was maintained without significant change and the cardiae respira- 
ry quotient did not change significantly. Coronary vascular resistance in- 


eased }): 0.05) and eardiae efficienes decreased p< 0.05 


DISCUSSION 
It is of considerable interest that the hemodynamie effects of SKE 6890 are 
similar to the hemodynamic effects of the well-known ganglionic blocking 


‘ 


ents, hexamethonium and mecamyvlamine.” It has been suggested that the 
ereased cardiac output produced by hexamethonium is effeeted through de- 
cased force of myocardial contraction secondary to lowered arterial pressure 
d decreased sympathetic discharge,” especially since hexamethonium has 
ect Inotropic action on the papillary musele of the cat and the hypodynamie 
x heart-lung preparation.’ The present data are certainly compatible with 
S suggestion. Furthermore, they are compatible with the recent hemodynamic 
ta linking the inotropic effects of exercise to the eardiae adrenergie nerve 
iply.* In the present series of experiments, as with the ganglion blocking 
nts,” peripheral vascular resistance has actually remained the same or in- 
ised somewhat rather than decreased. 
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SUMMARY 


1. The hemodynamie effects of the beta methyl form of 2,6-dimethylpheny! 
ether of choline (SKE 6890) have been studied. 
”. Administration of the drue@ is associated with a deerease in cardiae out 


put and stroke volume accompanied by reduced systemic arterial, pulmonary 


arterial, and right atrial blood pressures. 


$3. Coronary blood flow is significantly reduced but myoeardial oxygen con 
sumption is maintained in spite of reduced left ventricular work, and cardiac 
efficiency declines. 


$. These hemodynamic effects are similar to those of the ganglion blocking 


agents hexamethonium, mecamylamine, and, so far as is known, pentolinium., 
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COMPARISON OF DITHITAZANINE LODIDE AND PYRVINIUM 
PAMOATE IN TILE TREATMENT OF 
ENTEROBLASIS (PINWORMS 
ARTHUR I. SANDERS, B.A. AND WENDELL IL. [}AuL, M.D., Pu.D. 
MINNEAPOLIS, MINN, 

Forty-cight children and sia adults nhected ith peniworns ore treated 
with dithiazcanine iodide ( py imium pamoate 4 Vanu of those treated with 
dithiazanine iodide omilted and did not complete the course of treatment. In 


those ho compl ted treatment, adication of the pinworm was the rule. 


In a series of 29 individuals given a single dose of pyurvinium pamoate, 


omiting occurred in only one, The froeatment liminated the pinworms in the 


emaimingd 2S patie nts, 


ptanqese caused by the parasite Knterobius vermicularis (pinworm ) are 
common, particularly in children. Often the infections are light and cause 
no symptoms.  Tlowever, in children, early infeetions tend to be heavy and 
associated with annovine rectal itching, particularly at night. Mothers of these 
children are often disturbed and they seek a simple and effective treatment. 
Many drugs have been tried in the past with varving degrees of success and 
requent side effects. 

Gentian violet is effective but it stains the clothing and acts slowly. Hlexyl- 
esoreinol is not very active and it often leads to abdominal cramps. Terramyein 
oxytetraeveline) is effective but several doses must be given and it is rather 
xpensive. One of the most satisfactory drugs for pinworms has been piperazine 
‘itrate. Repeated doses are required and vomiting may oeeur. With all these 
lrugs relapses are frequent unless every member of an infected group is treated. 


Dithiazanine iodide, a blue evanine compound, was shown to have anthel- 


intie activity by MeCowen and others.' It was effective against eanine 
scarides, hookworm, and whipworm. Dithiazanine iodide Was also observed to 

active against murine pinworms.':' Recently there have been reports on the 
se of the drug against various human parasites.” The drug appears to be 


articularly useful for infections with Strongyloides stercoralis, Ascaris 
mbricoides, and whipworm but rather ineffective with hookworm, Miller and 
s group! treated 35 patients with pinworms and all appeared to be cured. 
he ehildven were given 100 me. enteric-coated tablets three times daily for five 
ivs and vomiting occurred in 5 of 31. 


From the Veterans Administration Hospital and the Department of Medicine, University 
Minnesota Medical School, Minneapolis, Minn 

Received for publication Novy 27, 1959. 

*Supplied by Eli Lilly & Company as Delvex 

jProvided by Parke, Davis & Company as Povan 


$15 








114 SANDERS AND HALL em & Clin Me 


Pyrvinium chloride, a red evanine dye, was found by Weston and associates 
to have activity against pinworms in laboratory animals. Later, the drug was 
shown to. be nearly 100 per cent effective against pinworm infections in 
humans." A bitter taste, nausea, and vomiting were frequent. Beek and 
others’ found that pyrvinium pamoate was well received and 94 per cent of 34 
children were cured with multiple small doses. They also found that a single 
larger dose was well tolerated and effeetive in 96 per cent of 100 patients. The 
single dose regimen was as popular as it was effective. 

In the present studs dithiazanine iodide was given in multiple doses to 25 
children who had pinworms and compared in effectiveness and side effects with 


a single dose of pyrvinium pamoate administered to 29 subjects. 


MATERIAL AND METILODS 


The patients treated were mainly children at the Shriners Hospital for Crippled Chil 
dren, Minneapolis, Minnesota,* plus a few children and adults in families of hospital em 
plovees. The diagnosis was made by microscopic examination for the ova on a singh 


cellophane tape anal swab taken in the morning, 


Dithiazanine iodide was given either as plain or enterie coated tablets which contained 
25 mg. of the drug. The daily dosage was 5 mg. per pound body weight, not to exceed 
600 mg. The daily dosage was divided into 2 or 8 doses and given for 5 days. Cellophane 


tape studies were made for ova about one and three weeks after treatment, 


Pyrvinium pamoate was given as a raspberry flavored syrup which contained 10 mg. of 
pyrvinium per milliliter. A single dose of 5 ml. per 20 pounds body weight was given before 


breakfast. Search for pinworm ova was made 7 and 21 days after treatment 


RESULTS 

One hundred and nine children at the Shriners Hospital were examined and 
38 were found infeeted with pinworms. In addition, 10 other children and 6 
adults who had the parasite were treated. 

Dithiazanine Lodide.—Uneoated tablets were given to 11 children ranging 
in age from 3 to 14 vears and in weight from 33 to 98 pounds. Treatment was 
discontinued in 9 because of vomiting. In the 2 children who completed treat 
ment no ova were found thereafter. 

Enteric coated tablets were given to 12 children ranging from 4 to 13 vears 
of age and from 32 to 96 pounds in weight. Four children vomited and treat 
ment was discontinued. Vomiting usually occurred about 2 hours after the first 
dose and was not accompanied by nausea. Six children who completed the 
treatment and received full doses were all freed of pinworm Ova. One ehild 
continued treatment in spite of vomiting once. In 2 children who vomited, the 
dosage was reduced by one halt. There was no further vomiting and the pin 
worms were eliminated. The coated tablets were also given to 2 adults. One 
of the adults had no side effeets and cure was effected. The other adult had 
vomiting and diarrhea. Therapy was discontinued after 3 days without dis 


appearance of the pinworm ova. 


*These patients were treated through the cooperation of Dr. Donald R 


Lannin, Chief 
Staff 
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Pyrvinium Pamoate.— Twenty-five children and 4 adults were treated, One 
child vomited two hours after administration of the drug and treatment was not 
repeated. In no other case was there vomiting or discomfort. The two post- 
treatment examinations did not reveal pinworm ova in any of the 28 subjects 
who completed the treatment. 


DISCUSSION 


Dithiazanine iodide is an effective drug in the treatment of enterobiasis. In 
the doses generally recommended, however, vomiting was frequent in the c¢hil- 
dren and treatment was discontinued in about one half the patients. This 
difficulty occurred both with the plain and enterie coated tablets. Miller and 
associates! reported fewer side effects with the drug; in one series of 26 children 
who were given a larger dose (200 me. three times daily for 5 days) no side 
effects were recorded but in a second group of 31 children one half this dose 
ed to 5 episodes of vomiting. Treatment ean be completed by most patients 
even though vomiting and diarrhea may interrupt therapy or require a re- 
duction in dosage. Miller found that vomiting occurred in 11 of 27 adults who 
were given dithiazanine iodide in a dose of 800 me. per day.! 

Pyrvinium pamoate given in a simple syrup was well tolerated by children. 
Vomiting ensued in only one ot 29 patients and no diarrhea was noted after a 
single large dose. Red staining of the stools was frequent. A single dose of the 
drug was effective in eliminating pinworms and their ova. The drug appears to 

‘especially useful for mass treatment in institutions and in families because 


the low cost, ease of administration, and effectiveness. 


SUMMARY 


1. Dithiazanine iodide was given in multiple doses to 25 patients with 
terobiasis (pinworms). Treatment was discontinued in 14 beeause of vomiting 
diarrhea. Treatment was completed in S of 12 children who received enterie 
ted tablets and in only 2 of 11 children who were given uncoated tablets. 
nworm ova were not found in any of the patients who completed the treat- 
nt, either in full or half doses. 


2. A single dose of pyrvinium pamoate was administered to 25 children and 


dults with pinworms. There were no side effeets except in one child who 
ited onee two hours after administration of the drug. The treatment 
inated pinworms in all but this one patient. The treatment is simple, safe, 
effective. It is especially recommended for treatment of Sroups Ii institu. 
s and families. 
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SERUM LEUCINE AMINOPEPTIDASE ACTIVITY IN 
HEPATOBILIARY AND PANCREATIC DISEASE 
RUBIN BRESSLER, M.1D)., BEN R. Forsyru, M.D... AND GERALD KLATSKIN, M.D. 


New HLAvex, Conn. 


Scrum leucine aminope ptidase LAP) activity has been in stigated in 121 


paticonts with arious disorda) of the hh patobiliary sustem and pan eas, and 


n 218 control subjects, including normal adults, pregnant women, and pati nts 
with neoplastic and othe diseases which do not affect the Liave and pancreas, 
The findings have been compared with the results of other tests of hepatobiliary 


function which were ecarricd out simultaneous Ue 


Evidence is p esconted to shou that, although the serum LAP level is a 


sensitive and reasonably spoctft nate roof he patobiliary disease, it is | ho 
aluc in differentiating between th arious disorders that affeet the liver, bil 
ducts, and pancreas, and adds no soful information not already pro did by 
other tests of hepatobiliary function in commor 


It is concluded that the detcrvymination of scrum LAP aeti ity f 


dows no 


merit adoption as a diagnostic test in hepatobiliary oi pancreatt disease. 


|* 1957 Fleischer and co-workers! called attention to the increase in serum 
leucine aminopeptidase (LAP) aetivity that occurs in patients with hepato- 
lary disease. More recently Rutenberg and associates? have reported that the 
rum LAP level is also raised in patients with carcinoma of the pancreas, 
en in the absenee of jaundice, and suggested that the test may be of 
agnostic value in that disease. 
The present investigation was undertaken to evaluate further the signif 
nee of alterations in serum LAP activity in hepatobiliary and panereatie 


Case, 


MATERIALS 


Serum LAP activity was measured in 530 samples of blood obtained from 3830 indi 


s, including 121 patients with diseases (including neoplasms) in which the liver, biliary 
, Or pancreas was affected, 62 normal healthy adults, 60 patients with a variety of diseases 
ompanied by clinical or laboratory evidence of hepatobiliary or pancreatic disease, 
atients with neoplasms of nonpancreatic origin and without clinieal or laboratory 
ce of hepatic metastases, 29 normal pregnant women, and 14 patients with acute 
ardial infarction accompanied by a significant rise in serum glutamic oxalacetic trans 
se activity. 

Parallel tests of liver function, carried cut on a high proportion of the serum samples 
ned, included determinations of serum bilirubin, Bromsulphalein retention $5) minutes 
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after an injection of O mg. of dve per kilogram), cephalin-cholesterol flocculation, thymol tur 


idityv, serum alkaline phosphatase, and serum glutamic oxalacetic transaminase, 
Cirrhosis Of the 25 patients investigated 23 had Laennee’s cirrhosis and 2 had post 
necrotic eirrhosis All exhibited classical clinieal and laboratory features of the disense, 


und in 19 the diagnosis was confirmed by needle biopsy of the liver 


Viral Hepatitis One patient had homologous serun hepratitis, und oT) patients had 
infectious hepatitis. \ll were seen early in the course of the disease and exhibited typies 
clinical and laboratory features; in 10 the diagnosis was confirmed by liver biopsy. In 4 


of the patients the lesions demonstrated histologically were consistent with subacute hepatie 


Hecerosis 


lufectious Vononucl osts. lt all $ patients studied tl 


« hematologie and elinien 


pietures were typieal, and the absorbed heterophil antibody titer was 1:1600 or highe: 


Although all showed functional abnormalities consistent with hepatocellular injurv and in 


Hammation, confirmed by liver biopsy in 3, only 2 were elimieally jaundiced 

Torte Hepatitis In all 5 patients studied the hepatitis was a complication of bacteremi: 
of extrahepatic origin, and was accompanied by jaundice and laboratory evidence of hepato 
cellular injury There was one case each associated with typhoid fever, paratyphoid fever 


pheumocoecal poneumontia, staphvlococeal endocarditis, and staphvlococeal septicemia. 


Granulomatous Hi patitis. Nine patients witl sarcoidosis and 3 with tubereulosis 


With histologically demonstrable hepatic granulomata were investigated All showed al 


f liver funetion, but only two were elimieally jaundiced 


normalities ¢ 


Obstructive Jaundice.—In the 1S patients studied, obstruction of the common bile duet 
vas due to stone in 9 and to carcinoma of the pancreas in 9 The diagnosis of biliary ob 
struction Was established by surgical exploration im each case, and that of panereatie eno 
Inoma by surgical biopsy, The presence of hepatic metastases was confirmed by direct 
Inspection at the time of laparotomy and or by needle biopsy of the liver, All) patients 


were restudied after relief of the obstruction by appropriate surgical measures. 


Gall Bladder Discas. In all 18 patients the diagnosis of cholecystitis was confirmed 
by surgical exploration and histolog eXamination of the gall bladder The process was 
acute in 7 and chronie im S. Stones were demonstrated in the gall bladder in 6 of) th: 
former and all of the latter. Although none had choledoecholithiasis, all of the acute an 
fof the S chronic cases had a mild obstructive jaundice presumably as a result of associate: 


cholangitis. 


Pancreatic Disease In addition to the 9 patients with panereatie carcinoma note 
previously, 6 patients with acute pancreatitis were studied, All exhibited typical elinies 
features and a significant increase im serum amylase and or lipase. In 2 the disease wa 
accompanied by a mild obstructive jaundice 

\ oplastre Disease The S6 patients with neoplastic disease included the following 


Without hepatic With hepatic 





‘otal number metastases netastases 
Carcinoma, breast 1d & 7 
Carcinoma, colon 14 S 6 
Carcinoma, lung 14 9 a 
Carcinoma, pancreas } i) 
Carcinoma, prostate 7 7 i) 
Carcinoma, stomach D 5 0 
Carcinoma, cervix a » | 
Carcinoma, kidney 3 3 0 
Melanoma 3 0) * 
Carcinoma, rectun 2 3 
Sarcoma 2 2 it) 


Glioblastoma Pe 2 0 
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Carcinoma, primary site | 0) I 
Meningioma | | 0 
Carcinoma, thyroid | | 0) 
Care moma, bladder | | 0 
Carcinoma, ovary ! l 0) 
Carcinoma, parotid | l 0 
Carcinoma, duodenum i 0 l 

SO Db a0 
! ill ixes tl Haenosis is ontiriies istolovient sy 


METHODS 


Serum LAP activity was measured by a previously described method® ino which l-leucyl 
naphthvlamine hydrochloride serves as a chromogenic substrate from which B-naphthylamine 
liberated by enzymatie hydrolysis The freed B-naphthvlamine is converted to a colored 


»dve by a modification of the Bratton-Marshall reaction, and quantitated colorimetrically 


rms of optical density at 560 ma; an O.D. of 0.001 was considered one unit, and equivalent 
1 meg. of B-naphthvlamine, The mean and standard deviation for 62 healthy adults 
is Bor+35 units. Values above 322 units were considered abnormal. 


mt glutamic oxalacetic transaminase activitv was estimated by 
nem method. Other tests of liver funetion were arried out 


n modification of the 


as deseribed previously, 
RESULTS 


Serum LAP Activity in Hepatobiliary and Other Diseases.—Table | 


SUull- 
arizes the 


results of serum LAP determinations in the various disease PTOUPS 


nvestigated. To facilitate comparisons and to minimize inequalities introduced 


v differences in the number ¢ 


vith 


f serial determinations carried out in patients 
each of these disorders, onls the peak values tor individual patients have 
eon taken into consideration, serum LAP 


Table TT] summarizes the changes in 
etivity observed in patients studied serially during the course of their illnesses. 


Hepatocellular disease: All but 3 of the 46 patients with hepatocellular dis- 


se had elevated levels of serum LAP activity. The exeeptions included 2 
individuals with inactive cirrhosis and one with mild viral hepatitis who had 
horderline value of 320 units. 

Judging from the means and standard deviations, the levels attained in 
Hients with cirrhosis, acute viral hepatitis, and infectious mononucleosis did 
differ significantly.  Llowever, those in patients with toxic hepatitis asso- 
ed with severe svstemie infections were significantly lower than those in 
or acute viral hepatitis (1 S51, 
Qf interest is the fact that the serum LAP level was raised in 5 of 


6 patients with cirrhosis classified as inactive on the basis of their elinieal, 


Hients with cirrhosis (1 2.60, p< 0.02 
0.01 


netional, and biopsy findings 


In 11 of the 20 patients with cirrhosis who were followed serially, serum 
\P activity returned to a normal level. Although 


this coincided with im- 
Vvement 


in the clinical and functional status of the liver, there was evidence 
esidual hepatie disease in all patients. 


Four of the IL patients with aeute viral hepatitis achieved complete ¢linieal 
funetional reeovery with a fall in serum LAP aetivity to a normal level. 
h values persisted in 6 of the 7 remaining patients in whom the disease was 
active. The exeeption was of particular interest in that the patient had 
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massive hepatic necrosis with intense jaundice. During the first few days o 


her illness, serum LAP activity was greatly increased, but terminally, despit 
a rise in the serum bilirubin level to 50 me. per cent and the deve lopment © 


hepatie coma, the serum LAP value fell to 2: 


’ 
de 


» units 
Obstructive Jaundice: Obstructive jaundice Invariably raised serum LAI 


activity to abnormal levels which were signifieanthy higher than those found 1 


patients with hepatocellular disease (1 2.76, p 0.01). Although the ris 
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iS SomMmeWhat Sthadler dnb patients With panereatie careilotia uncomplicated 1) 


epatie metastases than im those with common duet stone, the difference was not 


Statistically stgnificant 
In all 3 patients with pancreatic carcinema and in 6 of the 9 with common 
luet stone, sureieal relief of biliary obstruetion led to a prompt fall in seruni 
LAP activity to % normal level Phis occurred within 3 too days, and ata 
i When jaundice was still evident eliniealls 


Tul Pratiaie dascase ol Lhe hy ers Seruly LAY acltiIVvItV Was abnormally hieh 


Moa I? patients with eranulomatous hepatitis ¢: used by si reo1ldoGsIS Or tuber 
osis, and in all but 2 of the 50 patients With metastatic neoplasms whieh in 
‘) voal the Ive} The two exeeptions had borderline values of 30D and 310 units 
| ll. ( M ‘ s LAP Ac 

‘ ASED 
SERUM LAP 

»() 100 

t+) 

1a) 

} ‘) 

I SH 

) LOO 

8) i4 

1O0 

) 

t) LOO 

\ ~ a LOO 


Comean tor the group as a whole fell between those tor patients with hepato 


ilar disease and obstructive jaundice, but statistically did) not differ sie 


{} 
( 


% ntl from: ether 
The rise in serum LAP activity occurred Thi Tee absence ot jaundice in more 


n 66 per cent of this eroup 

Gall bladder diseases All 7 patients with acute choleeystitis had a sig 
cantly elevated serum LAP level. The mean for the eroup fell between 
gose for patrents with hepatocellular dliseas and obstructive jaundice, hut 
tistically did not differ significantly from either. Although mild jaundice 


but one, no evidenee ot 


S present In eve \ patient and cholelithiasis im all 
ary obstruction or common duct stone was found at the time of surgical 
oration. Therefore, the jaundice was interpreted as a manifestation of com 


cating cholangitis. 
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In contrast, only 4 of the S patients with ehronie choleeystitis exhibited 
abnormally high serum LAP values. Moreover, the mean for the eroup as a 
Whole was significantly lower than that for the groups with hepatocellular dis 
ease (t $.68, p < O.01) or obstructive jaundice (1 6.08, p< O.OL). Ont 
those with increased serum LAP activity exhibited jaundice. As in the group 
with acute cholecystitis, the latter appeared to be related to a complicating 


cholangitis rather than to biliary obstruetion 
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Pancreatitis: Serum LAP activity was increased in 4 of the 6 patients with 
acute pancreatitis, but none showed really high values. The mean for the group 
as a Whole was significantly lower than that for the patients with acute choles 
cvstitis (t 3.47, p < 0.01), hepatocellular disease (1 $42, p < 0.01), on 
obstructive jaundice (4 a89, p < O01). Only 2 of those with elevated levels 
exhibited a mild, transient, obstructive jaundice of the type commonly seen in 


this disease. 
Carcinoma of the pancreas: Without exception the 9 patients with ear 


cinoma of the pancreas, all of whom had biliary obstruction, exhibited increased 


serum LAP activity comparable to that found in patients with obstructive jaun 
: | | . 


dice caused by common duct stone. In those with hepatic metastases the levels 
were significantly higher than in those without hepatic metastases (1 2.81 
p < 0.05). In both groups they were significantly higher than in those found 
in patients with acute pancreatitis (1 5.90, p < 0.01, and £85. p < 0.01 


respect i\ ely P 
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After surgical relief of biliary obstruction, serum LAP activity reverted 
o normal in all 3 patients without hepatic metastases, but in none of the 6 with 
metastases. This effect was observed within the first week postoperatively, at 
atime when all patients showed a fallin serum bilirubin but were still elinieally 
aundiced 


Von wmencredlyry Heo Hastre (AISCase bs Only one of the 751 yatients without 
! / : | 


hepatic metastases in this group had an elevated serum LAP level. 


In contrast, 
the serum LAP level was abnormally 


raised in 79 per cent of the 24 patients 


rith metastases, despite the absenee of jaundice in most. Although many of 


he individual values were as high as those found in patients with panereatice 


‘arcinoma With hepatie metastases, the mean for the eroup was significantly 
ower (4 a Bt, + 0.0] 


Vonncoplastr disorde rs uathout erradence of he patu or pred re ati disease 
None of the 60 pratt nts in this Group, who had a wide variety of disabling dis 


eases Which necessitated hospitalization, had an abnormal serum LAP value. 
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Relationship between serum LAP activity 


and Bromsulphalein retention in 114 serum 
ples Horizontal and vertical lines 


indicate upper limits of normal for the two tests 


Vormal pregnancy: Serum LAP activity was inereased in all 15 


women 
lied during the third to fifth month of pregnancy. 


In the 5 women studied 
ing the second month of pregnaney, the values were at the upper limit of 
inal, ranging between 300 and 320 units. The mean for the group as a whole 
significantly greater than normal (1 7.0, p < 0.01), but was lower than 
tients with hepatocellular disease (1 9.20, p < 0.01 
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AIL 9 women studied at the termination of their pregnaney had iInercased 


erin LAP activity: The attained levels that were conmparable to thes in pa 


I 
| 


‘ 


/ 


( 


ts with obstruetive jaundice and were signifieanthy higher than those im 
ents with heprartoes Iduidet lise; I | ? ob. 1) (00 

Acute myocardial Infarellons: Althoueh SCrUN olutamile oxalacetie trans 
Ihase activity Was slonifiednt \ Inereased in each of thre 14 patients studied, 
one had a raised level of serum LAP ; CTIVITA 

Coniparison ol Nerwune LAP Activity Wath Othe Tests a] Hepatobiliary 


he hion Vhre results ol paralle| dete rhiihatlons ol serum LAP aetivits ana 


her tests of hepatobiliary funetion are summarized in Tables TLL and TV and 


wh eraphieally in Pies. | through 5. The number of tests carried out on 


‘+h sample varied, which acecunts for the difference in the number of paired 


CNSULTTS reported lor eael combination Ol TeSTS All values ot SCTUL LAP ae 


} 


oh LAP values in sera with normal 


itv for which one or more other simultaneous test determinations were avail 
eC ale reported : henee, Thre lata inelude the results of serial determinations 


Individual patients and include some values obtained after recovery. 


Statistically, serum LAP aetivity showed a sienificant correlation with the 
‘pi balirubin evel ! 0.20. 1) OO]. 1 ~10 : but. as iS evident Prom 
uo | the relationship was het a close one Tredleed., thie re were a numb Pr oO} 


| bilirubin levels 


Tl correlation between serum LAP Hetivity and Bromsulphalern retention 
o Was statistically significant (1 GO. 190, 7 < 0965,. hn 114). but again, 
can be seen in Fie. 2. the rel: tionship Was not close. Moreover, the presence 

undice appeared to be a complicating factor, since the correlation between 

m LAP and Broms Ul potvarle In retention Was not statisticalls significant when 

comparison was restrieted to serum samples with a normal bilirubin con 

! O.90. O05. 1 >) 

The hiehest deeree of correlation was found between the activities of serum 
AP and alkaline phosphatase 1!" O.398, p O.01. n ~O7). but even here 

r¢ lationship Was not close Ie je i 

No slonifiennt eorrelation could he cle monstrated between the serum levels 
LAP and glutamie oralacetie transaminase Rie. 4:1 0.129, }) 0.05, 

190 
The data in Table TIL give some indication of the relative sensitivity of the 
i LAP determination in detecting the presence of hepatol ihiars dvstune 
It will be observed that the results were in agreement with those of the 
other tests Investigated in from 63 to 77 per eent of the serum samples, in 
the normal and abnormal range, and that the serum LAP determination was 
re sensitive than the other tests in some instances, and less so in others. Fie. 
istrates the same trend in each of the major disease categories Investigated, 
epatocellular disease, obstructive jaundice caused by stone or cancer, and 
dine the eholaneitis associated with choleevstitis and panereatitis, and 
tie metastases of both pPaneres tie and Honpanereat le oriein. 
To evaluate the statistical significance of the differences in sensitivity demon 
ted in Fie. 5, the ehi square method was emploved, with the elimination from 
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TABLE ITI COMPARISON OF SERUM LAP Activity Wirth Ornen TESTS oF LIVER FUNCTION 
IN PATIENTS WiITH HEPATOBILIARY DISEASE 


SERUM LAP ACTIVITY 
LAr OTHER 
ABNORMAL, ABNORMAL, 
BOTH BOTH OTILER LAP 
NO. OF NORMAI ABNORMAL NORMA NORMAL 
TES‘ rESTS / /, oY / W/ 
Serum = bilirubin 210 5 67 lv 16 
Bromsulphalein retention 114 | 67 7 22 
Serum alkaline phosphatase 207 1D $s 28 
Serum glutamicoxalacetic 
transaminase 10 S 69 10 1 
TABLE TV. RELATIVE SENSITIVITY OF SERUM LAP Activiry AND OTHER TESTS AS) INpbtIeI 


OF ABNORMAL HEPATOBILIARY FUNCTION IN PATIENTS With Provep AcTIVE 
HEPATOBILIARY DISEASI 


OTHER 
LAP AB-| TEST AB STATISTICAL 
NO. OF NORMAI NORMAL SIGNIFICAN' 
PAIRED TESTS TESTS W/ — DIFFERENCES 
Serum LAP and. bilirubin 
Hepatocellular disease 137 S4 Si 
Obstructive jaundice and cholangitis a3 71 a) eh 1.63, | 0.00 
Hepatic metastases at oF 85 
Serum LAP and Bromsulphalein 
Hepatoc ellular disease so 76 te eh 10.82, p « V1 
Obstructive jaundice and cholangitis IS 83 SY 
Hepatic metastases , O7 100) 
Serum LAP and alkaline phosphotase 
Hepatocellular disease 117 93 60) cl MHL, pp OT 
Obstructive jaundice and cholangitis 33 79 70 
Hepatic metastases 25 92 $2 
Serum LAP and serum glutamic 
oxalacetic transaminase 
Hepatocellular disease 115 S6 S6 
Obstructive jaundice and cholangitis 33 8) 91 
Hepatic metastases ph SS 100 


consideration of paired tests which were both normal, assuming that recovery had 
occurred by the time they were earried out. The results are summarized it 
Table IV. It ean be seen that the serum LAP level was a less sensitive index 
of obstructive jaundice and cholangitis than the serum bilirubin concentration 
but that the two tests were equally sensitive in detecting hepatocellular disease 


and hepatic metastases. 


Bromsulphalemm retention appeared to be a more sensitive test of hepato 
cellular disease than was the serum LAP level. In the case of obstruetive jaun 
dice, serum LAP was as sensitive an index of disease as was Bromsulphalei 
retention. Unfortunately, the number of patients with hepatic metastases i 
whom paired tests were carried out was too small to permit a valid comparison 
Accordingly, the ineidence of abnormal LAP values in the entire original grow 


of 30 patients with hepatie metastases was compared with that of abnorm: 
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Bromsulphalein values ina comparable group of 30 nonjaundiced patients with 

istologieally confirmed hepatie metastases in whom no serum LAP values were 
ivailable. Abnormal serum LAP activity and Bromsulphalein retention were 
resent in 2S and 27 of the 30 patients, respectively, a difference that had no 
statistical significance 

Serum LAP activity was more sensitive than the serum alkaline phosphatase 
evel as an index of hepatocellular injury.  Tlowever, in obstruetive jaundice 
and malignant metastasis of the liver the two tests were of equal sensitivity. 

In comiparine the Ineldence ol abnormal! serum LAP and serum glutamau 
ralacetic transaminase values, no sienifieant differences were encountered in 
inv of the disease GTOUpPS studied 

Although the evidence cited indicates that the serum LAP level was about 
as good an index of hepatobiliary disease as any of the other tests studied, an 
analysis of 95 patients with well-documented hepatobiliary disease investigated 


the conventional battery of tests used in such cases (serum bilirubin, alkaline 
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rf - Comparison of simultaneous determinations of serum LAP activity ind othe 
hepatobiliary function in various disease groups In each disease group the upper 
Cates the serum LAP results The solid bars represent abnormal values for any given 
t were not in agreement with those obtained in the parallel test being compared. The 
tched bars represent normal values for any given test that were not in agreement with 
btained in the parallel test being compared The open bars represent both normal 
normal values that were in agreement in any pair of tests 
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phosphatase, vlutamic oxalacetic transaminase, Bromsulphalein retention, 
phalin-cholesterol fleeeulation, and thymol turbidity) revealed that mot in 

single instance was an clevated serum LAP level the only abnormality, and 
nenee, of value 1h establishine the presence of disease. Moreover, as might hye 
expected from the data presented in Table T, the serum LAP level proved to bi 
ol no help In differentiating between the various hepatobiliars disorders en 


countered in the vroup ot 12] CUSCS investigated, 


COMMENTS 


In evaluatine any test ol hepatobiliary funetion due consideration must ye 


elven lo its S¢ nsifrivity in detecting disease, its selectivity in differentiatine iY 


tween the various pathologie states that oeeur in the liver and biliary tree, and its 


specificity in distinguishing between hepatobiliary and other disorders. 


With few exceptions the serum leucine aminopeptidase (LAP) test) con 


pared favorably in sensitivity with others investieuted It Was less SCIISIT IV 


than the serum bilirubin level ino obstructive jaundice, and less sensitive that 


Bromsulphalein retention in hepatocellular disease, but was the equal of thes 


tests in other IV pes of liver disease. In all categories of dlisease studied 
equalled the SCNSITIVITA of the serum olutamie oxalaecetic transaminase dete) 


mination. Only in the case of serum alkaline phosphatase was it more sensitive 


and then only in hepatocellular disease. In patients studied serially, serum LAP 


activity appeared to refleet changes in hepatie and biliary funetion about 
accurately as did any of the other tests studied. 

The great weakness of the serum LAP determination was its lack of s. 
lectivity. The mean for the peak values in obstructive jaundice was significant 
higher than that in hepatocellular disease, but the overlap between the tw 
eroups Was so ereat that the test proved to be of no value in distinguishi 
between them. Although the serum alkaline phosphatase was less sensitive thi 
serum LAP aetivity as an index of hepatocellular disease, it was vastly superi 
in the differentiation of hepatocellular disease from obstructive jaundice, eran 
lomatous disease of the liver, or intrahepatic tumors, values in excess of 
units being more common in the latter groups. Similarly, serum LAP at 
vlutamic oxalacetie transaminase activities were equally sensitive in detect 
hepatocellular disease, but only the latter test was of any value in distinguishi! 
hetween acute hepatitis and cirrhosis, obstructive jaundice, and infiltrative d 
eases of liver, values in exeess of 300 serum elutamie oxalacetic transamin 
units being limited almost exclusively to acute hepatitis. 

The specificity of the serum LAP test in discriminating between hep: 
biliary and other diseases would appear to be its chief virtue. On the basis 
experience to date, elevated levels of serum LAP activity have been limited 
hepatobiliary disease and normal pregnaney. In this respect serum LAP 
proved superior to Bromsulphalein retention, serum alkaline phosphatase, set 
elutamic oxalacetic transaminase, cephalin-cholesterol flocculation, and = thy 
turbidity, tests whieh are affected to a variable degree by a wide variet) 


extrahepatic disorders 
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The sugeestion of Rivte nhere and associates that sertum IAAP determinations 


av be of value in the diaenosis of panereatle caremmoma Was not borne out in 


e present studs Although all of our patients with eareinoma of the pan 


reas had Inereased serum LAP aevivity, the levels attained were no higher than 
patients with obstructive jaundiee eaused by common duet stone. That the 
erease In LAP activity was due to extrahepatic biliary obstruction in uncom 
icated cases, and to a combination ot obstruction and hepatic Infiltration in 


those with hepatie metastases, is indicated by the faet that relief of biliary ob 
truetion resulted ina 


/ 


prompt fall in sertuum LAP aetivity to a normal level in 


incomplicated ceases, but not in those with hepatie metastases. This is further 


supported by the observation that patients with hepatie metastases of nonpan 


creatie origin and without jaundice also had inereased levels of serum LAP ae 
It is hight, probable, therefore, that the high levels reported 1 Ruten 


ere and associates’ in patients with eareinoma of the pancreas uncomplicated 


jaundice were related to the presence ol hepatie metastases. 


j The mechanism responsibl for the rise in serum LAP aetivity in hepato 
| TAN disease is not known. Kleisher and collaborators! have found that the 


cine aminopeptidase In serum from patients with hepatitis differs from that 


ae 


normal serum, and more closely resembles the enzyme found in normal human 


er tissue. Accordingly, they have suggested that the liver is the source of 


serum LAP in hepatobiliary disease, and that the enzyme in normal serum 
} t : 


be derived not only from the liver but also from other tissues. The fact 
the highest levels of serum LAP activity in their study were observed in 


tients with aeute hepatitis pointed to imjured hepatic parenchymal cells as 


SOULrEOe Of the CHZAVIMNe, llowever, both in 


Rutenbere's and our own studies, 
evels Wert 


higher in patients with obstruetive jaundice than in patients 
hepatocellular disease, which suggested that the origin of the enzvme Was 


e biliary tree rather than in the parenchymal cells. Consistent with this 


sibility was the sienificant correlation between serum LAP and alkaline 
sphatase Activity and the absence of such correlation between serum LAP 


elutamie oxalacetie transaminase activity observed in the present study, 
th4 


| histochemieal localization of the enzyme in the bile duets of patients 
7 


igh serum levels reported by Rutenbere and associates. 





Search for a universal test of hepatobiliars function, useful in the detection 
sease, In the differentiation of 


the various disorders that affeet the liver 
Nliary tree, and in measuring fluctuations in their funetional status has 


lto bea fruitless pursuit. As a consequence, it has become common prae 


»employ a combination of tests selected for these special purposes. Al 
many tests have proved their worth and thus gained wide acceptance, 
ll known that even in combination they often fall short of the objeetives 


them, particularly in distinguishing between the various disorders that 
the hepatobiliary svstem. This accounts tor the inordinate interest. in 
ts which continue to appear at an ever increasing rate. Although efforts 


ove and amplify such diagnostic methods are to be encouraged, there is 


<” 


ver that their premature adoption may add to the financial burden of 

























the patient, overwhelm laboratory facilities, and confuse the clinician without 
adding any useful information. The determination of serum LAP activity is ; 
case In point. On the basis of its sensitivity and relative specificity, it would 
appear to merit acceptance as a diagnostic test. Llowever, it has no value in 
differentiating between the various disorders that affect the hepatobiliary SVS 
tem, and adds no useful information to that already provided by the group o 
tests now In Common ust Accordingly, there would appear to he litthe justifies 
tion for adding the determination of serum leucine aminopeptidase activity t 


the already lone list of diagnostic tests used in the investigation of hepatobiliar 


& 
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disease. 


REFERENCES i 


Fleisher, G. A., Butt, TH. R., and Huizenga, Ke AL: Enzymatic Hydrolysis of L-leuevlglyvei 
in Serum in Hepatic Disease, Proce. Staff Meet. Mayo Clin, 32: 410, 1957 

Rutenberg, A. M., Goldbarg, J. A., and Pineda, BE. Pe: Leucine Aminopeptidase Aetivit) 
Observations in Patients With Caneer of the Panerens and Other Diseases, Ne 


England J. Med. 259: 469, 195s. | 
Bressler, R., and Forsyth, B. R.: Serum Leucine Aminopeptidase Activity in’ Norn 
Pregnancy and in Patients With Ivdatidiform Mole, New England J. Med. 261: 74¢ 
1959, , 
Steinberg, D., Baldwin, D.. and Ostrow, B. HL: \ Clinical Method for the Assay 
Serum Glutamic-Oxalacetic Transaminase, J. LAB. & CLIN. Mep. 48: 144, 1956. 
Klatskin, G., and Yesner, R.: Factors in the Treatment of Lacnnee’s Cirrhosis, J. Cl 


Invest. 28: 723, 1949. 




















EREECT OF CEREBROSPINAL FLUID AND OF 


COMPARISON OF 
BLOOD SERUM ON TISSUE CULTURES 
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Blood a ¢ I ¢ } } ( ( 

ye ‘ f a fj f ( stra ri S j ( f S 

1 , ) 

/ d that pit t) wt that blood scrum would } the cells, 
; } | 

} } ad } ‘ pe nea ad if ore ‘ 7] hied 


7} \ obse ations, comb ned with some 


beta fj} hlood se mop obably 


tissue culture methods, toxie 


perio! SLY | have reported that by usine 

substances are demonstrable in some human blood sera.'*! Neither the 
vin nor the stenifieance of these substances in vivo is known. Kor that 
son ot seemed worth while to investigate whether or not these substanees 


present mM body fluids other than blood sv ruin. This 


estigations Ol «ft rebrospinal fluids ot patients who have substances in 


report deseribes the 


their 
l serum which are toxie to strain L eells. 


METHODS 


d oof Blood Sera. Previously we 


‘ Pie parvatica ‘ ( / pinal Fluids ¢ 

vel eh percentage « S phrenic patients and of preoperative patients 

St S to s n ells For om present study we obtained cerebrospinal 

1 patients in the Saskatchewan Hospital, North Battleford, and 

s ! Ward of the University Hospital, Saskatoon, and from surgical patients 
Surgical Ward of ‘ niversity ILlospital, Saskatoon. The samples were always 
the nental patients before they had breakfast and from = surgical patients 
nhestheties ere given \ll syringes, needles, and test tubes were cleaned by the 
vised by Hanks for cleaning glassware for tissue culture purposes® and_ sterilized. 
~ ere stoppered witli nontonre rubber stoppers! Speeial eare Was taken to 
yo osa tes from mental patients who had complicating conditions, such as in- 
enstruation, o7 oO had recently received medications. In the case of surgical 

s precautions were not taken, 


ood samples, which were shipped immediately to Saskatoon 


cerebrospinal fluid and 1 
} ] but not frozen, 


an Hospital in North Battleford, were kept chilled, 
eontained ice. On arrival, usually 


My e test tubes in large vacuum bottles whi 
than 24 hours after shipping, the blood was centrifuged, and the serum was 
and stored at —20° C. until used. Cer brospinal fluid was stored at —20° C, without 
entrifugation. Serum and cerebrospinal fluid obtained lo ally were also stored at 


the Department of Anatomy, University of Saskatchewan, Saskatoon, Canada 
ork was supported by the Department of National Health and Welfare, Canada 


ed for publication Dee. 1, 1959. 
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Ce Cultures.—In these studies the so-called ‘*strain °° cell cultures were used 
Strain LL had been established in 1940 by Earle and his associates at the National Cancer 
Institute in) Bethesda.?.>5 They explanted and cultured subcutaneous tissue of a normal 
CH male mouse, from whieh cultures a number of sublines were obtained and treated for 
various periods of time with 20-methyleholanthrene. In this way ** fibroblastlike’* cells wer 
obtained which, on injeetion into normal C,H) mice, produced) sarcomas. In 1948 Sanfor 
and co-workers’ isolated a single cell from one of the sarcomas, producing a subline whic 
they designated **NCTC-clone strain L.7"! Stock cultures of NCTC-clone strain L cells 


are grown in our laboratory at 37° C. in a medium which consists of 


2 parts horse serum, 


parts synthetic medium 1066,% and 5 parts Hanks’ balanced salt) solution. The mediun 
is completely changed twice weekly and the cells are transplanted into new bottles every 


S to 10 days 


Proccdure of Toricitys Test. The tests reported here were made in Leighton tubes.! 
Into each Leighton tube 1.5 105 cells from the stock cultures were inoculated and the 
Leighton tubes were incubated for 2 or 8 days. The medium was removed and cerebrospina 


fluid or blood serum was added, after dilution to 50 per cent concentration with balanced 


salt solution. The cultures were incubated for 3 days and the effect on the cells of thi 
cerebrospinal fluid or of blood serum was evaluated each day. The evaluation was mad 
as follows: zero (0), when no toxie effect could be detected, 1 plus (+), when only a fe 

rounded-up degenerating cells were seen, 2 plus (++), when the degenerating or dead cells 


had increased in number but healthy cells still predominated in = most) microscopie fields 
plus +++), When there were more degenerating or dead cells than healthy cells, at 

t plus (++++), when all but a few seattered cells were dead.1) The final serum toxicity wae 

ealeulated by averaging the results of evaluation of the cultures after 24, 48, and 72 hours 


of incubation, \t least two replicate cultures were used each time 


RESULTS 

Cerebrospinal fluids from 19 schizophrenic patients and from 40° preoper 
ative patients were tested for the effeet on strain L cells. Table | shows that 
from 19 cerebrospinal fluids obtained from schizophrenic patients only on 
showed a toxicity of Z plus , and from 40 cerebrospinal fluids from pre 
operative patients, one had a toxicity of 2 plus and four of 1 plus 

In the seeond series of tests, mental patients and preoperative patients 
who had very toxie serum (4 plus) were selected and their blood sera as wel 
as cerebrospinal fluids in 50 per cent concentration in balanced salt solution 


were tested on strain L cells. Table IT shows that the cerebrospinal fluid fror 





these patients was completely nontoxic to strain LL cells. 


TABLE I.) Errectr OF CEREBROSPINAL FLUID ON STRAIN L CELLS 


CEREBROSPINAI NO. OF NO. OF PATIENTS HAVING DEGREE OF TOXICITY OF 
FLUID FROM CASES 0 + 
Schizophrenic 
patients 19 IS l 
Preoperative 
patients 40) os) 1 l 
*Synthetic medium CMRL-1066 is a modification of medium 858." The modifieatior 


that from medium 858 the six highly purified coenzymes, ferric nitrate, and fat-soluble vitan 
(A, D, BE, and K) have been omitted, and that five B vitamins and Armour’s liver (porei! 
coenzyme have been added The medium CMRL-1066 was obtained from the Connau 
Medical Research Laboratories, University of Toronto, Canada 

tLeighton tubes are test tubes with one area of the wall flattened Cells are culti 
on the flattened area 


+} 
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TABLE II.) Errect oF CEREBROSPINAL FLUID AND BLoop SERUM FROM THI 
SAME PATIENTS ON STRAIN L CELLS 


POXTCITY OF 


CEREBROSPINAT 


NO, PATIENT DIAGNOSIS SERUM FLUID 
1 ae Schizophrenia ++++ 0 
z Hb Schizophrenia ++4 ) 
4 EP Schizophrenia ++4 ) 
! WR Schizophrenia b+4 () 
a BE Schizophrenia t+4 () 
6 MeN Neurosis +4 0 
7 WR Prostatic hypertrophy +++ () 
Ss KE Prostatic hypertrophy L44 0 
9 LA Fibroids ++4 () 
10 CS Hlernia +++ v 

1] \ Hernia t++4 () 
12 TD Varicose veins +++ 0 


Since it appeared possible that the concentration of the toxie substances in 
he cerebrospinal fluid might be low, eells were also grown in a medium which 
consisted entirely of cerebrospinal fluid. No toxie effeet was observed, even 
when the cerebrospinal fluid was taken from patients whose blood serum was 
hight, toxle. ig. | 


DISCUSSION 


Other investigators, using various biolowie test methods, have investigated 
the presence of toxie substanees in the cerebrospinal fluid of schizophrenic 
tients. Gamper and co-workers'! found that injection of cerebrospinal fluid 
rom schizophrenic patients and from patients with organie brain diseases, 
to the anterior chamber of the eves of rabbits, caused inflammatory changes, 
hereas no change or very little was found when cerebrospinal fluid from 
ealthy persons was injected. According to Gamper and Kral'? the majority 

white mice injected subeutaneously with eerebrospinal fluid) from schizo- 
hremle patients and from patients with organie diseases of the central nervous 
stem died after 3 to 4 days. Cerebrospinal fluid from healthy persons and 
m patients with nonorganie diseases was less toxie. Lethal cerebrospinal 
it was found most frequently among eatatonie patients, then among hebe- 
renie patients, and least frequently among paranoiac patients. The cerebro- 
nal fluid from patients with acute schizophrenia was more toxie than that 
m chronie sehizophrenie patients. In the patients with chronic cases, however, 
actual duration of the disease seemed not to influence the toxicity of the 
ebrospinal fluid. The injection of cerebrospinal fluid) from schizophrenie 
ents induced cramps in the animals, and on postmortem examination the 
hors found seattered foei of liquefaction necrosis throughout the brain as 
as some degenerative changes in the liver. 
Reiter™ tried to reproduce the findings of Gamper and Kral by injeeting, 
‘taneously, cerebrospinal fluid from schizophrenic patients into white mice. 
injected 138 cerebrospinal fluids into several hundred mice, and saline 
tion into mice of a control group. His results did not support the observa- 

of Gamper and Kral, and he suggested that the difference in results 
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might be due to a difference in the SCNSITIVITS of the mice used, or to the us 
of nonsterile cerebrospinal fluid Iyy Gamper and Kral. Not beine entirely 
convineed yy the results obtained 1yy the subcutaneous Injections of cerebro 
spinal fluid in mice, Reiter asked) Fischer to test cerebrospinal fluid) from 
schizophrenic and nonschizophrenie patients on cells grown In tissue cultures 
In these tests Fischer used human osteoblast cultures and evaluated growth by 
measuring the area of outgrowth with a planimeter. Fischer tested 20 cerebro 
spinal fluids from sehizophrenie patients and 8S cerebrospinal fluids from non 
schizophrenic mental patients by comparing the growth of cultures in- the 
cerebrospinal fluids to the erowth of eultures in balaneed salt solution. The 
results showed that between the cerebrospinal fluids ol schizophrenic patients 
and those of nonschizophrenic mental patients, there was no significant difference 
as to their influence on the erowth of human osteoblast cultures. When the 
erowth in cerebrospinal fluid was compared to the growth im balanced sal 
solution it was found that cerebrospinal fluid was not toxie and that in man 

instances the osteoblasts in cerebrospinal fluid formed even larger outerowt 

areas than those in balanced salt solution. From these experiments and fror 
his injeetions of cerebrospinal uid into voune mice, Reiter coneluded that ther 


are no toxie substanees ino the cerebrospinal uid of sehizophrenie patients 
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Fig. 1 effect on strain L cells of blood serum and cerebrospinal fluid obtained at 
same time from the same patient a, effect of 25 per cent blood serum in balanced 
tion b, Kffeet of 100 per cent cerebrospinal fluid (Magnification ie reduce 
Similarly, Scheid’! was unable to duplieate the work of Gamper and Kral 
suggested that their mice colonies may have had an epidemic infection wl 
influenced the results. Sog@liani'’ tested cerebrospinal fluids from patie 
with acute and chronic schizophrenia by intraperitoneal injections into rabl s 
and mice and found no difference in the effect of the fluids. 

Le Grand and Année" reported that rats showed catatonic sympt 
when given subcutaneous injections of the residue obtained by evaporat 


at not more than 37° C., cerebrospinal fluid obtained from sehizophrenie pati 
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This effect lasted from a few hours to more than 48 hours. Some animals 
lied after the injection. The cerebrospinal fluid from nonsehizophrenie patients, 
rrr pared in the same Way, produced no ¢atatonle sViInptoms when Injected into 

ts. These authors also found that the eatatonogenie substanee in cerebro- 
spinal fhiid from schizophrenic individuals was inactivated by heating at 45° © 


or 50 minutes It Was destroved Hy eolad. its activits slow], disappeared at 


oom temperature, and it was nondialyzable. Reeently Shapiro'> reinvestigated 
his work. He lLvophilized the « rebrospinal fluid and measured the effeet of the 
njeeted concentrated cerebrospinal fluid on rats I means of *rat-acetivits 
eels.” He was unable to detect the presence of a catatonogenie substance 


COVE brospinal uid of schizophrenic patients. Tle did notice that after the 
njection the motor aevivits of the rats decreased. but he showed that the 
ecrease Was due to the hypertonicity of the injeeted solution rather than to 


catatonogenie substance. 


Macht'® found that the growth of the roots of Lupinus albus (white lupin) 
2 per cent solution of cerebrospinal fluid) from schizophrenic patients was 
arkedly inhibited, but that there was no or only slight inhibition of growth 
en such plants were grown in cerebrospinal fluid from healthy persons. Cere- 
vospinal fluid from patients with general paresis was as toxie as cerebrospinal 
lid from schizophrenie patients, whereas cerebrospinal fluid from patients with 
bes dorsalis or neurosyphilis was only slightly toxie and did not differ sig- 
ficantly from cerebrospinal fluid from healthy persons.'” Katzenstein-Sutro 
nd Staub 


‘ 


found that cerebrospinal fluid trom sehizophrenie and neurotic pa- 
ents Inhibited the growth of Lipidium sativum (garden eress) less than did 


brospinal fluid from epileptic individuals and from patients with organic 


ain diseases. Sinee Katzenstein-Sutro and Staub did not use the same plant 
test object as Macht did, it is difficult to compare their findings. 
Recently Mastrogiovanni and Searlato?? reopened the problem of the toxicity 
cerebrospinal fluid in sehizophrenie patients and reinvestigated the problem 
techniques used in Virology. Ther injected cerebrospinal fluid into the 
nlotie sac of TI day-old chick embryos, When cerebrospinal fluid trom scehizo- 
enle patients was injected (21 samples), 70 per cent of the embryos died, 
reas with cerebrospinal fluid from healthy persons, only 8 to 12 per cent of 
embryos died. When the thuid removed from the allantois of the injected 
rves Was passed through chick embryos seven times, the mortality of embrvos 
eased up to SS per cent. Passage of fluid from the allantois of the embryos 
eted with cerebrospinal fluid of healthy persons did not inerease the number 
aths. Examination of dead embryos showed hemorrhages in the peritoneum 
n the walls of the stomach and heart, and subpial hemorrhages in the brain. 
ining by electron microscopy the allantoie fluid of embryos injected with 
erebrospinal fluid of schizophrenie patients, Mastrogiovanni and Searlato 
lsmall spherieal particles, singly or in groups. There were no such particles 
n the fluid taken from the allantois of the control embryos. From these 
Hhents thes concluded that viruslike bodies are present in the cerebrospinal 


of sehizophrenie patients. Subsequently, Searlato and Mastrogiovanni’ 
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Injected guinea pigs with fluid taken from the allantois of embryos previously 
Injected with cerebrospinal fluid from schizophrenie patients. None of the eon 
trols died, but 75 per cent of the injected animals did. Mice died in 40 per cent 
of cases when the same fluids from the allantois were injected into the vitreous 
bods of the eve. By means of the eleetron microscope these workers also ob 
served viruslike particles in the homogenate of the vitreous bods of the eves 
of the injected white mice. In a more reeent investigation, however, Mastro 
wiovanni?' tested the cerebrospinal fluids and washings from the rectum and 
pharvnx of schizophrenic patients on monkey kidney cell eultures. Although the 
fluids had a pathogenie effect on the cells, whieh was intensified after passage 
through ehick embryos, he was unable to identify the pathogenic effeet with the 
evtopathogente effect of any known virus. 

My finding, that cerebrospinal fluid of sehizophrenie patients is not toxic 
to strain L cells, supports the findings of Fischer,’ Reiter,’ Sceheid,’! Shapiro, 
and WKatzenstein-Sutro and Staub?! but not those of Gamper and associates, 

Le Grand and Année," Macht, and Mastrogiovanni and Searlato 
llowever, it is difficult to COMpPAare TN results to those of other investigators be 
cause of the variety of test objects used. 

The observation, that substances causing death of strain lL. eells in cultures 
occur in some blood serum but not in cerebrospinal fluid or at least not in demon 
strable quantities, suggests that these substances do not penetrate the blood 
eerebrospinal fluid barrier. This does not, however, exelude the possibility: that 
they mas reach the brain proper in places where there is no cerebrospinal fluid 
between the blood vessel and the nerve tissue or where there ts little perivasculal 
cerebrospinal fluid In the latter case it Is possible that the substances entering 
the perivaseular cerebrospinal fluid would enter the brain before diffusing 
through all the cerebrospinal fluid, thus being indetectable in the cerebrospini 
fluid obtained by lumbar puncture. It seems very unlikely, however, that t] 
toxic substances could penetrate the blood-brain barrier. One reason for thi 
unlikeliness is the earlier finding that the toxie substances in the serum are not 
dialvzable, whieh indicates that they are either large molecules or attached 
large molecules.” It is generally believed that large moleeules do not penetrat 
the undamaged blood-brain barrier. 

The actual nature and significance of the toxie substanees in the blood seru 
still remain to be found 


SUMMARY 


Cerebrospinal fluids from schizophrenic and preoperative patients were n 
toxic to strain L cells. Cerebrospinal fluids from patients with very toxic blo 
serum Was also nontoxie to strain lL cells in concentrations of either 50 or 1 
per cent 


loam indebted to Dro AL Bo Dobkin, Department of Anesthesia, University Hosp 
Saskatoon, for obtaining cerebrospinal fluids and blood from preoperative patients, and 
the staffs of the Saskatchewan Hospital in North Battleford and the Department of ¥ 
chiatry, University Hospital, Saskatoon, for providing the cerebrospinal fluids and | 


from mental patients. 
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USE OF RADIOLODINATED HIPPURAN FOR INDIVIDUAL 
KIDNEY FUNCTION TESTS 
Roperr A. Norpyke. M.D... Maxven. Tusts, M.S.. AND Winniam Hl. Buatip, M.D 


Los ANGELES, CALIF. 


karterna adioactivity counting ove cach kidney areca is: th nost apid, 
simple, and atraumatic method ava ab for simultaneous comparison oO d / 
netion, Hoi or, radioact © substances } sently used fo this } pos ha 
major disadvantages: 4 do} uracct Diodrast) is partly moved from the blood 
hu the or, which neecossitates complicat dstech q s fo / ath hid 
ord to exrclude li j adioact fu: such mat ais as sodium diprot oat 
V okon), diatrizoate methulalucamine (Rh nodarati s and diat oat sodiun 
I ypaque sodium) are moreod fram th blood slo ly. fhiws prolong ad fest 
fim and obscuring diffe nweces n hidne 7 function, 


Radioiodinated o-iodoh ppu at H ppuran) has a th advantages ¢ t] 


mat als th non of th disadvantades. It is ap dlu and scleet li mo ad 
om th hlood by the hide UX, Since th ‘ does not tal up Hip} a 
de-anale **bhlind’* collimation may b sed, ss mpl fying th fest pro du 
Rap d «cartraction of I ppuran from th hlood by th hidneus duces th f 
time and ampl fics diffe wes in kidney funetio 


XTERNAL radioactivity counting over the kidneys is the simplest and 
least traumatic method for comparing individual kidney funetion. Tow 
ever, labeled substanees presently used for this purpose have major disad 
vantages. T'*!-labeled Diodrast, the first such substance used, is in part removes 
from the blood by the liver, thus requiring critical probe manipulation to vir 
the kidneys without including liver radioactivity.’ Diodrast has current! 
heen replaced by other labeled materials such as sodium acetrizoate (Uroken 
sodium), Miokon, Hyvpaque sodium, and Renografin since they are not appree 
ably taken up by the liver.’ This allows probes to be placed at right angel 
to the baek with relatively wide collimation and without recourse to x-1 
localization of the kidneys. Although these materials represent an improveme! 
over Diodrast, they have the disadvantage that they are removed from tl 
blood much more slowly than is Diodrast, which prolongs test time and dul 
the detection of kidney funetion differences 
Theoretic considerations led us to predict that o iodohippurate sodiu 
Hippuran) would have ideal characteristies for comparing individual kidn 
function, i.e., rapid removal from the blood by the kidneys only. Furth 
since nonradioactive Hippuran contains an iodine atom, ['* can be substitut 
for it. One of us (M. T.) has prepared the labeled Hippuran in this laborator 
and the present studies! were carried out to determine its clinical usefulne 
From the Radioisotope Service, Veterans Administration Center, and the Department 
Medicine and Radiology, University of California Medical Center, Los Angeles, Calif 
\ided in part by U. S. Public Health Service Grant-in-Aid H-3670 
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METILOD 
repared by an exchange reaction between sodium 
at pil 6.0 and 100° CC. The free radioiodohippuric 


n the presence of small amounts of carrier iodide, 


} 


per milligram. Two matched scintillation probes 
ter and a rectilinear recorder, The erystals used 
ithim vs rhe lead shields, with 21% inch apertures, 


as centrally placed before each probe to assure that 


The rate meter time constant was 15 seeonds and 
200 counts per second. The subject was placed in 
hic the probes were positioned parallel to each 

ered over the kidneys ig. 1). This position was 
rendths above the left iline erest for the left 

e right. The dose was ealeulated on the basis of 

is is ontained in 0.5 to 5.0 me. of radioactive 
0.25 to 1.0 mg. of Diodrast. The test substance 


1 1, Position of probes over the kidney areas. B, Close-up of probes. 
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RESULTS 
1. Nidney Curves in Normal Subjects: Hippuran Versus Miokon. After 
an initial spike the curves obtained externally over the kidney areas wit! 
Miokon rose slowly and reached a peak at 6 to S minutes, followed 1 a deelin 
The Hlippuran curves: rose more rapidly, reached a peak at 2 to 5 minutes, 
and then declined rapidly (Fig. 2 
» Tluydration and Dehydration: Hippuran Versus Miokon. We have 
observed marked changes in the shape of kidney curves obtained with Miokor 
In subjeets with both normal and abnormal kidney function, often of sufficient 


magnitude to confuse the interpretation. Flies. 3 and 4 are examples of results 


obtained in the same individual with hydration (1,200 ml. water in 2 hours 
preceeding the test ana dehydration no food or water for 16> hours priol 
to the test). In the hvdrated state with Miokon the rising portion of the eurve 


is relatively short, reaching a peak in 4 minutes and decreasing fairly rapidly 
thereafter. Tri thre dehydrated state the rising portion of the curve is lonee) 
reaching a peak at 7 minutes. The Hippuran curves demonstrate changes i 


the same direetion but the differences appear less pronounced 
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3. The Surgically Absent Kidney. -Two vears prior to this test the patient's 
left kidney was removed because of an infaretion which eaused arterial hyp: 
tension. Subsequent blood pressures have been within normal limits and 
recent serum creatinine was 1.2 me. per cent. Despite relatively wide collin 
tion little seattered activity from the right kidney is noted on the left (Fig 

$, Nonfunctioning Nidney: MMippuran Versus Miokon Versus Diodrast 
1 BK. is a 40-vear-old normotensive man with a nonfunetioning right kidh 
asa result of trauma. A recent intravenous urogram showed normal visi 
ization of the left pelvis and ealvees with prompt exeretion into the bladd: 
no Visualization occurred on the right. The serum creatinine was 1.5 me 
eent. Miokon curves (Fig. 6, .1) indicate good radioactivity uptake on | \ 


left but essentially none on the right. A repeat study under similar hydrat 
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conditions with Diodrast (Fig. 6, B) indieates rapid uptake on the left and 
uptake on the right whieh was not noted with Miokon.  Tippuran curves 
Fie. 6, ©) demonstrate good uptake on the left and essentially none ont! 
right. It is evident from these curves that Diodrast is taken up by the live 
whereas Miokon and Hippuran are not, and that Hippuran is more rapid! 
extracted from the blood by the kidneys than is Miokon. 

5. Mild Hypertension: Mippuran Versus Miokon—A patient with mil 
hypertension was studied in order to compare Hippuran and Miokon (Fig. 7 
His blood pressure was 170/100 mm. He, serum ereatinine 1.6 mg. per een 
phenolsulfonphthalein exeretion 22 per cent in 45 minutes. There was di 
creased accumulation of aetivity over the kidney areas with both label 
materials compared to the respeetive normals, but more uptake oceurred wit 
Hippuran. 

6. Severe Hypertension: Mippuran Versus Miokon.—This patient was 
$3-vear-old man who entered the hospital with a blood pressure of 250) 1 


mm. He and serum ereatinine of 3.8 me. per cent. At the time of the tes 


the blood pressure was 180/110 mm. He and the creatinine level was 3.2. n 


+ 


per cent. Miokon eurves indieate very little radioactivity uptake by 
kidnevs and are suggestive of recordings obtained over the abdominal ao 
Fig. 8). The uptake with Hippuran was more marked but occurred slow 
the activity peak was reached much later than normal and was followed by 


slow decline. 
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( Deconipr nsated lnalateral Naidney Function: Hippuran Versus END 


_ 


mie. O shows the results obtained in a patient with a tumor of the 
adder An intravenous uroeeram showed some Opaelt of the pelvis ot the 
kidnes at iW minutes but none on the rieht. The serum creatinine was 
Ine. per eent. Data obtaimed with Miokon does not sueeest funetion of 


er kidney, although the curve obtained over the lett kidney area is somewhat 
ivher than that obtained over the right. Hippuran, however, indicates a 
finnate uptake of activity on the left as compared to the rieht. A subsequent 

tion demonstrated a complete block of the right ureter by tumor with 
patent left ureteral orifice 

S. Blood Disappearance Rates.—-The disappearance rate of labeled) Tip 


ran from the blood is more rapid than that of Miokon. Using the 5 minute 
ood radioactivity level as 100 per cent, the 15 minute level of Hippuran 

normal subject was OS per eent, whereas in the same individual the 15 
rite evel of Miokon was 73 per cent. ‘i his COMPAaLres well with other data 
tained 1 external counting over thre hieh anterior chest. 

Q Urine Eweretion. The average 30 minute urine collection in 3 normal 
bjects contained 71 per cent of the Injected dose of Hlippuran and 34 per cent 
thie injected close ol Miokon 

10. Bile BEvverction and Thyroid Uptake. In one patient who had under 


ne a recent choleeystectomy, O.O4 per cent of the injected Hippuran activity 
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was recovered from a 20 minute eollection of free-flowing T tube bile. The 
thyroid uptake of T'! at 24 hours in 2 individuals was less than 1 per cent 
in each, 


DISCUSSION 


The need for a valid, rapid, atraumatie method for comparing individual 
kidney function is evident, and the use of external radioactivity counting ove! 
each kidney area has appeared to have merit. However, it has been beset by 
difficulties. Labeled Diodrast, because of hepatic uptake, requires complicated 
collimation. Labeled Urokon, Miokon, H[ypaque sodium, and Renografin are 


! whieh prolongs the test time to 15 to 25 


cleared more slowly by the kidneys, 
minutes and dulls observation of kidney funetion differences. Despite these 
difficulties, results have in general been promising. 

I-labeled Hippuran was prepared in this laboratory on the prediction 
that it would have the advantages without the disadvantages of previously 
used substances. Nonradioactive Hippuran is known to be cleared from. thi 
blood almost completely in one passage through the kidney, and for this reason 
has been used to determine renal plasma flow...) Since chemical means for 
quantitating iodine are difficult, para-aminohippurate has been substituted 
for it in standard kidney function studies. The iodine atom in’ Hippuran, 
however, makes it relatively simple to radioiodinate by an exchange reaction 
and thus it appears to be preferable to para-aminohippurate for the present 
purpose Its toxicity is low: 20 to 30 Gm. of the substance has been used 
intravenously in adults without reaction,® whereas the maximum weight ot 
our material is 0.005 Cm, 

Tagged Hippuran is not appreciably taken up by the liver, which allows 
probes to be placed at right angles to the back directly over the kidneys and 
ereatly simplifies collimation. The most convineing evidence of lack of liver 
uptake is the similarity of curves obtained over kidneys which are funetioning 
equally, in contradistinetion to the eurves obtained with Diodrast in) which 
the right curve is increased over the left (see Fig. 6). Additional evidence 
is provided by the virtual absence of radioactivity in T tube bile. 

Demonstration of equal uptake in equally funetioning kidneys is dependent 
in part on proper tube placement. If one probe is placed directly over a kidney 
and the other is not, different curves will result whieh may be incorrectly 
interpreted as a difference in kidney or exeretory function. Large prob: 
apertures, providing a large area of ‘‘vision,’’ minimize this problem without 
appreciable distortion from the contralateral kidney (see Fig. 5). Severa 
methods are available for positioning the probes. The standard method is t 
localize the kidneys by an upright x-ray of the abdomen. This is aceurat: 
but costly and time consuming. <A simpler and perhaps even more aeeurat: 
method has been suggested by Frohlich and associates.2. This involves the pre 
injection of a small dose of the kidney testing material and positioning tli 
probes by locating the maximum point of uptake on each side separate!) 
This technique requires a separate injection and confuses external countin: 
if simultaneous bladder and blood data are being obtained, but is perhap 
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the method of choiee. We have 


used a third method 
probes are positioned hy 


with some success : the 


the usual blind technique, and after the test is 
finished the probes are Individualls 


raised and then lowered tO assure that 


Iaximum response Is present over the site used for the test. If it is not, 

repeat test may he Necessary It should be recoenized that in low-lving 
kidneys both positioning and eurve data That he confused hy bladder radio 
aetivity. 


The rapidity with whieh the kidneys remove labeled THlippuran from. the 
blood has special advantages. Besides shortening the test to less than 10 
magnifies both the absolute funetion 
n funetion between the two kidneys. 


st verel\ dliseased kidneys. 


minutes, the rapid) extraction and the 


This is especially evident in 


Comparison between this procedure and the intra 
enous uroeram has not been adequately 


differences 1 


tested. but on theoretic @rounds as 


it appears that labeled Hippuran 
urogram and will, therefore, be 


vell as in a few comparisons (e.g, Fig. 9 
is at least as sensitive as the standard 


useful 
for sereening purposes. 


SUMMARY 


For simultaneous comparison of kidney funetion by external radioactivity 
counting, ['"'-labeled sodium o-iodohippurate 


| 


Hippuran) eliminates the major 
lisadvantages ot 


currently used substances. It 
from the blood Hy the liver, 


‘ollimation to be used. 


is not appreciably removed 
as IS labeled Diodrast, thus allowing simplified 
Since it is extracted from the blood by the kidneys 


labeled substances as Urokon, Miokon, ILypaque sodium, 
nd Renografin, testing time is reduced. 


nore rapidly than sueh 


In addition, studies in patients with 
nown pathologie conditions of the urinary tract indicate that labeled Hippuran 
lomonstrates comparative differences more sensitively and more accurately than 
o substances with slower blood extraction rates. 
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EEEFECT OF LIVER DISEASE ON DILODOTYROSINE METABOLISM 
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1 eae is apparentls one of the first steps observed in the in vive 
deeradation of dilodoty rosine DUT 7 althoueh small amounts of the cot 


responding JN ruvie and lactic acid derivatives ot diiodoty POSIT have also beet 


observed in the urine of experimental animals. Generally, the concentration 
of these substanees in urine does not exceed 10 per cent ob the Injected dose o 
| Lead led diiodots rosine, Rapid deiodination ol ditodots OSI has als 
heen observed in human subjeets,: ' and consequently, the rate and complet 


ness with which dilodots rosine is deiodinated might be studied and used as 
measurement of diiodots rosine catabolism in certain metabolie disorders. 

Roche and coauthors’ have postulated that the thyroid eland itself may te 
the most active tissue involved in the catabolism of diiodotyvrosine, lloweve! 
Tong and associates’ found that thyroidectomy had little if any effeet on 1] 
deiodination of diiodotyvrosine in the intact rat and Albert and Keating’ ol 
served that diiodotvrosine deiodination takes place just as rapidly and con 
pletely in treated subjects with myxedema us In normal control subjects. Mon 
recently, Stanbury and co-workers have shown that patients with hype 
thyroidism and familial goiter deiodinate diiodotvrosine less completely than d 
normal subjects. Therefore, the role of the thy roid in diiodoty rosine deiodini 
tion is still in doubt 
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Other oreans such as the liver and kidney nay delodinate dilodot, rosine, 


atively laren amounts of dilodoty rosin "ar iodinase have been demonstrated 


These oreans in in vitro tissue Incubation CNPCPINENTS Since studies 
THIS laboratory have shown that diiodoty rostne IS "ar odinated JUST as Cony 
telv in the doe Which has undergone aL phreetomy as in the intaet animal, 


would appear that the liver miraht dy More Maportant than the kidnes in di 


MLOTV POSTE cle lodination Liver lisease hueht therefore be expected to affect 
catabolism of this amino aeid. To test this hypothesis, a kinetic model was 
sed for following whole body diiodotvrosine dé iodination.’ and this model 

s been emploved in the present study of the relationship between liver diseass 


L diiodots POS TT le iodination 
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RESULTS 
r isha ana saliva concentrations of tot radloaetive hod inns aetivits were 


against time for the two groups of experimental subjects, and half-lite 


> were caleulated from the ¢ Xpone ntial portion of the respective disappear 
rves (Table 1, Column A). Cumulative urinary excretion eurves of total 
live iodine activity were also plotted, and excretion rate Curves Were 


from these Hy plotting the pereentage or the administe red dose exereted 


by Abbott Laboratori: \verage pecific ct t\ t the time of administration 
Per milligran The shipments ere inalvze chro tographically ind 95 to 98 
the radioactivity present as diiodotyrosine The sole radioactive contaminant 


to be | iodide. 
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per unit time against time!!! Half-life values for urinary radioactive 
lodine exeretion were interpolated from the latter curves, and these values ar 


also summarized in Table I, Column A, 


All of the I radioactivity observed on paper chromatograms of saliv: 
specimens from control and experimental groups was found to be present as | 
lodide. However, chromatography of urine specimens from both groups 
vealed that significantly larger amounts of ['''-labeled diiodotyvrosine were ex 
ereted by patients with liver disease (Table 1, Column B). Essentially all o 


the diiodotyrosine in urine was exereted within the first 8 to 10 hours. 


TABLE | LABELED DILObOTYROSINE TURNOVER DATA OBTAINED FoR StBsrets Wrrit 
Wirhout LIVER DISEAS! 


K ’ I 
| ; | KENA 
EXCKETED PLASMA DUT SSUI LCRETIE 
r le VALUES AS DIT.IN TURNOVER DATA SPACH KATH 
PATIEN' PLASMA SALIVA URINE UKINI rl, Ky Ml. rx Q 
NO. HR. HK. HK. (] DOS HK, HK NG. | D/HRK 
/ ( Disease, 
l 17 17 1 lo.o 1.4 1.0] 510 . | 
rs 13 M3 12 3:7 1.4 O.7 how) , 8 
, 1 iB: 1D 17.6 OS O80 600 3 4 
! Ze 1 1d 14.5 OLS 0.7 550 , | 
D 16 16 1] D0 2 L.1: a0 14 
6 12 16 bi O.9S HSO 3.6 
7 12 1] 17 13.1 OLS 1.17 $50 3.6 
& »] OX ; + 1.5 O00 740 
9 1] 10 10 15.0) $5 0.46 Tou .6 
\verage 14.9 15.4 14.4 13.6 1.6 8S ayy 3.4 
Control Subjeets. 
10 y i) 7 $.S , OS ~60 6.1] 
11 iB: 1] T >.2 ()..)0) a10 
be S Ss 10 1.4 doe 0.65 10 
is s s 6 rei 1.0 (VST 6r0 | ie 
\4 4 S 9 2.3 fe 0.46 0) 75 
1D Ss s Ss 1.0 ~~ O07 a0 t.4 
16 10 10 a) 7.6 1.4 1.29 e640 BS 
17 1] 10 10 6.0 0.6 0.98 Hon Ay 
\verage 0.5 9.0) S.4 +.4 = 4 OS] a2 a.) 


*Insufficient radioactivity on chromatograms for accurate counting 
‘Calculations unavailable because of incomplete urine collections 


Sinee diiodotyrosine does not bind to plasma proteins, the plasma proteins 
were precipitated with 20 per cent trichloroacetic acid, and the result 
filtrates were chromatographed on paper. Only two radioactive spots a 
peared on the chromatograms, and these were identified through their Ry values 


as iodide ion and diiodotyrosine. The two radioactive spots were counted, al 


the per cent of the administered dose of 1" present at each spot was ealeulat: 
These values obtained for cach specimen of plasma were plotted against til 
to vield T'*' diiodotyrosine disappearanee and ['' iodide appearanee euryes 
(Fig. 1). The diiodotyrosine disappearance curves obtained from both exp: 
mental groups were found to fit the expression P, C,e™:' + C.e™:' which wis 


derived in a previous investigation.'' P, represents the concentration of 


iodotyrosine in the plasma at any time ¢, C, is the intercept of slope m, on 
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ordinate, and Cs is the Intercept ot slope m. on the ordinate.  Tlalf-life values 
or diiodotyrosine disappearance ave summarized in Table 1, Column C, together 
vith the ealeulated deiodination rate constants Ky. The latter were calculated" 
Mh Ih) 


- and represent the rate with which di 
) 


odotyrosine is deiodinated, presumably by the liver (I). Tf tissues other than 


rom the expression Ky, 


the liver are actually responsible for dilodots rosine deiodination, then Ky leas 


«© considered as the deiodination rate constant for the tissues involved. 


DISCUSSION 


Contrary to our initial hypothesis, no significant differences in the average 
diiodotyrosine disappearance times (T 1.4) and diiodotyrosine deiodination rates 
Ky) were observed between patients with liver disease and control subjects 
Table 1, Column ©). Tlowever, a small but significantly greater amount of 
diiodots rosine was exereted into the urine of Persons with liver disease (Table 
|, Column B); this observation correlates with that of Dunn and co-workers' 
vho found an inereased excretion of certain amino acids such as tyrosine into 
the urine of patients with liver disease. On the basis of these findings, it would 
ppear that the liver may not be all-important for the deiodination of di- 
dotvrosine, and that liver disease in the human does not have an appreciable 
ffeet upon the rate of diiodotyrosine deiodination. On the other hand, a 
enificant amount of parenchymatous liver disease may be present without 
roducing significant abnormalities in other tests of liver function, and it is 
obable that sufficient functioning liver tissue remained in the subjects studied 
enable diiodotyrosine eatabolism to proceed at a near normal rate. Other 
vestigators!! have also suggested that the liver may not be the most im- 
tant site of dilodots rosine deiodination, whereas it may he very important 
the deiodination or catabolism of thyroxine and triiodothyronine. Flock 
assoclates!! have shown that the rate ot dilodotyrosine deiodination is 
reduced in the eviscerated rat nor in the hepateectomized dog, but that the 
odination of thyroxine and triiodothyronine is markedly affected. More re 
tly, Becker and Prudden'® have shown that the rates with which thyroxine and 
Mlothvronine are metabolized by an isolated rabbit liver preparation are 
roximately six times those seen in the intact animal. The deiodination of 
dlotvrosine by the same liver preparation proceeds at approximately the same 
as that observed in the intact animal. These experimental data indicate 
the diiodotvrosine deiodination mechanism probably is not confined solely 

ie liver. 
Paper chromatographie separation of the ['*'-labeled substances present in 
ma (Fig. 1) and urine specimens revealed that intravenously administered 
lotyrosine is deiodinated very rapidly as shown by others.’ Approximately 
ours after injection SO to 90 per cent of the cireulating I'*' activity is 
ut as the iodide. Furthermore, the coneentration of I'"'-labeled — di- 
rosine falls so rapidly that the plasma I'*' iodide curve approaches and 
ies nearly equal to that of the whole plasma I'*! disappearance curve (Fig. 
Therefore, a few hours after injection of I'*!-labeled diiodotyrosine, the 
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study becomes resolved into one of the effects of liver disease Upon | oclicl 
metabolism, and it would appear from the data presented in Table 1, Colum 
A. that liver disease does attect thr disappearanes rate of | iodide rom 
the body as evidenced by prolonged plasma, saliva, and urine half-life values 
These values were obtained from the final exponential portions of the respect lye 


dlisappearanee curves, and consequent represent close appre Ximations of the 


disappearance rate of | iodide from. the holy, At least three explanations 
‘or this effeet ot hepatic dliseas Upon | iodide disappe: rahee miieht he con 
sidered. First, if the uptake of I iodide by the thyroid gland was depressed 
in liver disease, the disappearance of | iodide from the plasma might tak 
place at a slower rate. Mueller and co-workers have found that the convers 
is frequently true in that | thyroidal uptake was 50 per cent higher in 20 0 


a0 patients with cirrhosis lt has been sugvvested that this Increased uptake mia 
he due to dietars jocline deficienes in patients with cirrhosis In view of thes 
observations, it dloes not appear that the prolonged hal t-lite Lisaipopn arance values 


observed in the present experiment can he explained by a depressed) thyroid: 


uptake of | 


a ewww 


aes 


INJECTED DOSE 
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Fig. 1 Pypical whole plasma | ictivity disappearance, plasma I labeled iodide appe 
nee ind diiodotvrosinge isappearance Curves The latter were obtains by chromatorray 
resolution of the 1 Leable components which appeared in plasma 


A second explanation might be that the tissue space available for rad 
active iodine diffusion was reduced in size, thus resulting in a deereased d 
appearance rate of | iodide from plasma. The inereased edema and ase 


often seen in liver disease would tend to discount this possibility, but as 


added check, | tissue spaces™ were estimated for the two 2TOUPS ot patie 
Estimates of the tissue space available for TP jiffusion were obtained by dividing 
ounting rate for the dose by the counting rate per 1 mil. of plasma at zero time The | 
ilue \ obtained by extrapolating the final slope of the whole plasma I™! disappear 


urve back to the ordinate, and reading the value from the ordinate at the intersection Ti 
space values are then expressed as milliliters per kilogram of body weight 
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Pable I, Column I). These data show no sienifieant differences between the 
wo groups, and lead to the conelusion that another mechanism must he re 
ponsible for the prolonged I iodide cisappearanee rate seen in liver disease. 
Minally, if the renal exeretion of | roclict aevivily Was deereased in pra 
ents with liver disease, this might maintain the coneentration of | lodide in 
lasma at a higher level and thus produce a decreased | iodide disappearance 
te from the plasma and other tissues There is ample evidence from. the 
terature that abnormal kidney netion is frequently present in patients 
th liver disease (eirrhosis These abnormalities, whieh involve the exeretion 
d tubular re; bsorption of water and « ectrolvtes, are apparently a funetion 
the severity of the liver disease encountered. To examine this possibility as 
explanation for our data, renal exeretion rates of iodide were eal ulated from 

e cumulative urinary exeretion curves, according to the method of Keating 
nd collaborators These calculations, whieh are summarized in Table I, 
Column E, show that the rate of renal exeretion of | iodide is significantls 
‘reased In liver cliseast The relbore, abnormal kiddies funetion associated with 


( condition Ol hie patie discase tmnayv account tor a deereased disappearance ot 


iodide from: plasma and oth 


/ 
/ 
/ 
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EARLY DETECTION OF DRUG INDUCED ERY TITROPOLETIC 
DEPRESSION 


Davip Rupix, M.D..t Austin S. WeisBercer, M.D... axnp Dox R. CLarK, M.D.’ 
(‘LEVELAND, OFLO 


1 nore ase i; plasma tron content and ay mcreads i the saturation of 


ol hindina dlobulin pre des th fall 


in tthe matoertt by an app cclable inte al 


uth opotetr d pression induced by chloramphenicol and a lated drug 


{/though serial changes in plasma on content are not inc themselves conclusive 
idence of eruth opotety dep SSTOM, thie iN Cn recllant correlation between 
thie se determinations and th more definitive studies with Fy , furnovel by 
uthrocytes. fecordimaly, ( } thie plasma trol content and an tmnerease 
in Saturation of the iron binding globulin can sei as a reliable and sensitive 
dex of carly erythropoteti foricity. This would pe mit the discontinuance of 
a potentially norious drua beto chanacs become apparent wn othe poripheral 


Hood, It is suqaested that outis S ial determinations of plasma iron content 


pe formed ino conjunction with the administration of druas with potentia 
hematologic tomicity in an att mpt fo avoid ious injury to the marrow. 
Since the nitrobenzene moiety chloramphe nicol has been implicated in 
druq toxicity, the effect on d a tonicity of substituting a CH.SO adical for the 
VO, group in chloramphenicol was studied, 1 marked 
inhibition 


inercase in crythropore ti 
ecsulted from this substitution which suggests that this particula 


position in the structural configuration mau be of importance in hematologic 


toricity 


| ANY therapeutie agents now commonly emploved are known to have po 
1 tentially serious hematologic effects. Llowever, the continued elinical ap- 
cation of these drugs is justified on the grounds that their therapeutic effieaey 
tweighs their potential toxicity. The introduction of new drugs presents 
ficult, because compounds may have unsuspected hematologic toxicity whieh 
comes evident only after extensive elinieal trial. Currently, hematologic 
ity is determined by careful observation of serial changes in the peripheral 
wd eounts. This has the disadvantage of permitting withdrawal of the 
ending agent only after obvious hematopoietic depression has occurred, whieh 
some instances may be either irreversible or sufficiently severe to contribute 


‘ 


he death of seriously ill patients. 


The earliest possible detection of drug induced hematopoietic depression. is 
irable in order to permit the prompt discontinuance of drue therapy before 
entially irreversible damage oceurs. A simple sereening procedure whieh 
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ve University, Cleveland, Ohio 


Supported by a research grant (H-3952) from the | S. Public Health 
tutes of Health 


Received for publication Dec. 16, 1959 
Died June 1, 1959 


Service, National 


*Hoover Teaching Fellow in Medicine Present address: Roswell, N. Mex. 


405 








$54 RUBIN ET AL | x Ml 


would yy rit Such early detection ol hematopoietic damage ied bea valuable 
aid in deer asing the incidence of severe ; nal possibly fatal hematologie reactions 
Data Pron Previous studies Gh} chloramphe nical LONICIIA StUeVvest that chanees i 


Iron metabolism may be a very sensitive index of erythropoietic d Pressiot 


Sueh chanees Were le monstrated to occur iY fore shbnormualiti Ss Were cle teetahl 


in thr }>« ripheral blood counts These studies ineluded meastlrernrent ot the ral 
ol disappear nee of tracer amounts of radioaetive iron I from the plasm 
determination of the subseq uc ht appearance ot ke In the eirendatine ervtihro 


evtes, and changes in the plasma iron content and plasma iron binding globulir 


saturation. A deerease in the rate at whieh Fe’ disappeared from the plasm: 
and a at lay in thre appearance ol a in the elreu: tine erVvihroe: tes Was notes 
as an early finding in) patients who subsequently developed an appreciabl 
ahenila Thus, the Fe data wer clearly abnormal ata time when the hemo 
globin, hematoerit, and eryvthroevte counts were still at normal levels. Tt was 


also noted that a rise in plasma iron content and an inereasing saturation of the 
iron bindine elobulin could be correlated with the abnormalities detected in the 
more teehmieally difficult and time consuming radioactive iron determinations 
Serial determinations of the plasma iron and saturation of the iron bindi 
globulin may therefore constitute a highly sensitive method of sereening fo 
Incipient drue Induced cruthropore lr le Pression 

It is not known why some drugs are more likely to produce hematologn 
toxicity than others. The presenee of certain radicals or ehemical combination 


may be involved but the struetural configuration responsible for ao relative 


hieh Incidence ot hematoloeie TONTCITA in ani drue has not been clearly elie 
dated In the case of ehl aby pene nieol, the nitrobenzene mot Iv ob the molecu 
has been lmplicated as a possible factor im producing clannaer to the bor 
marrow Chloramphenicol IS ath ett etive avent against a runiby rol resistal 


nicrobial infections In man and its use Man he essential at) times despite 1 
known hematoloele TONICITA Althouelh the absolute ineidence ot such toxielt 
is low, the reactions Hla he serious and often fatal A drue havine 
similar spectrum of antibacterial action without the hematologic LONICITA whe 
Occurs with chloramplhe nico] would heave ah obvious advantage. \n antibiot 
havine the same range of effectiveness as chloramplhe nicol, and with a simul: 
structural configuration, was deseribed in 1952. This compound, ext 
sulphenidol, differs from chloramphenicol only in that a methyvlsulfone ere 
replaces the nitro group in the para position (Fie. 1). Such struetural alter 


tion could result ins less hematopotetie depression than chloramphenicol! Calls 


f the nitrobenzene moiety is, Indeed, responsible for the observed toxicity. 


The following studs was undertaken to determine whetly ferrokinet 


studies would be useful in determining the potential hematologic toxicity 
this antibacterial agent dextrosulphenidol and to compare its LONICIEN Wi! 
that of chloramphenicol The studs was also designed to determine the validi 
of the preliminary observations! that serial changes in plasma iron content 


iron binding globulin saturation could be correlated with the more definit 


Fe? turnover by erythrocytes as an early index of erythropoictie depressir 











1 
t 
ar 
1s 


LOW 


eV. 
sul 
l 
— 
wif 
WI 
Ov), 


() 
} 
ol 
t 


| 


riON 


| 


()} 


CVO 


} 
“wut 
sub 


B00 


| 


RY 


PHROPOLE TIC: DEPRESSION bn 


\D 


\I 1 


s S—CHOH—CH—CH.OH 


PELODS 


State DP ent » MeAlister, Oklahoma 
\ - e VIVE! 10 G oft chlorar 
wr teers ere elven 1) Git ot 

! ving xtrosulphenidol the 

Nn ‘ rug = scontinued thay 
< <3 ves | smn el ini 
- ‘ = cr ematocrit as vell 
ne wy sul ects recerved 

| tite ring thre veek, berore thre 

S rd-Sanford photolometer 
. { venous blood, using 

. | al microhematocrit 
cr { ) } ‘ i 1as a liluent in 
ne by thi et method using 
pel by the direct method using 
Ns 1 tals n duplicate during the 
! ekly during the period of drug 
cCitv. wer eter ne in all subjeets by 
1) , hier es ects ere In a Tasting 
S } ned prior to the period ot 
I + eKS erentter 

. expressed as half-life disappearance 
oevtes was determined by a modification 
s previously described, These studies 
re reeeiving dextrosulphenidol and thirteen 
mas Instances nh attempt Was made to 
ation of an erythropoietic effect as shown 
globulin. Radioactive iron in the form 
extrose i ater so that 20 ml. contained 
ental ire na is injected intravenously. 
prior to injection was not carried out since 
bulin is in excess of the amount of iron 


Vivo. Ilepar nized blood samples were 
from the Opposite arm 


Subsequently, 


form of ferrous citrate, 100 ye per milli- 
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the radioactivity appearing in the cireulating erythroevtes was determined by counting n 
vhole blood 24 hours after injection of Feo" and daily thereafter until TOQ) per cent on 


orporation Was obtained 


RESULTS 


Usine the criteria outlined in Table | the subjeets were classified as ex 
hibitine elther definite erythropoietic depression, borderline erythropoietic le 


Pression, or ho significant depre SsIon. These criteria were chosen as the basis 


TABLE LL. CRITERIA FOR ERYTHROPOLETIC: DEPRESSION 


/EFINITE ERYTHRO BORDERLINE ERY THRO 
DETEKMINATION NOKMAL® VALUES POLETIC. DEPRESSION + POLET IEPRESSLON } 
Hematocrit 16 + 3.09 \ decrease of 5.5% \ deerense of 3-59.46; 
or 
Serum ior 90 + 35 meg. % An increase of 120 meg An increase of 59-119 
or meow, % 
IBGS§ saturation 30 + 10% An increase of 455% An increase of 20-440 
or . 
Fes T/2 O0-1OQ> min 120 min. o1 > 110-1200 mint 
Feo? appearance in 
RBC 
Initial (days 2 3 ool 
Maximum (days Ss 13 on 8-12 
Maximum (% 1Oo SD or « So-90 
Increase refers to an absolute rise over control values Thus an increase of 120 meg. 4 
cent in serum iron would represent a rise from 90 to ZIL0 meg. per cent \n increase of 


per cent in the iron binding globulin saturation would represent an increase in ituration.§ fre 
‘) to TS per cent 


Normal insignificant change in any parameter 

‘Definite erythropoietic depression tibnormal in all parameters stuclic 

Borderline erythropoietic depression tibnormal in two or more parameters but not in 
sIBG iron binding globulin 


for classification by correlating delayed Fe’ turnover by erythroeytes and fal 
In hematocrit on the one hand with prolongation of Fe’ plasma disappearances 
rise in plasma iron content, and increasing saturation of iron binding globulin 
on the other hand. Exeept for three of the five subjects in whom dextro 
sulphenidol was discontinued within 10 days, only those who demonstrated ab 
normalities in all parameters studied were classified as definitely manifestin: 
erythropoietic depression. In these three subjects erythropoietic depression Wi 
determined on the basis of delay in the reappearance of Fe’ in’ cireulatin 
erythrocytes, prolongation of Fe’ plasma disappearance, and inereasing iro 
binding globulin saturation, even though the hematocrit did not fall below tl 
arbitrary level chosen as indicating toxicity. Presumably the fall in hematocs 
did not take place because the drug was discontinued within 10 days. Subject 
were Classified as exhibiting borderline erythropoietic depression if they hi 
abnormalities in two or more of the parameters studied but did not have a 
normal values in all parameters. Those subjeets in whom insignificant chang 
oecurred were classified as manifesting no erythropoietic depression, 
According to these criteria, 32 (66 per cent) of those who were receivil 


dextrosulphenidol had evidence of definite erythropoietic depression, seven 


per cent ) had borderline erythropoietic depression, and nine 19 per cent 
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no significant toxicity (Table IL). In comparison, only one (2 per cent) of the 
subjects who were receiving chloramphenicol manifested definite erythropoietic 
toxicity; three (6 per cent) had borderiine ervthropoletic toxicity, and forty-five 
9? per cent had no significant erythropoietic depression. The average maxi- 
ium changes occurring in hematoerit, plasma iron content, saturation of iron 
binding globulin, and incorporation of Fe into erythrocytes during the inges- 
tion of dextrosulphenidol are summarized in Table IIL. Serial changes occurring 
n the hematocrit, plasma iron, and saturation of iron binding globulin in the 
thirty-two subjects who developed erythropoietic depression during dextro- 
sulphenidol ingestion are compared to those in nine subjects without erythro- 
poletie toxicity in Fig. 2.) These demonstrate that an inerease in the plasma 
on content and a rise in the saturation of the iron binding globulin precedes 

significant fall in the hematocrit Hy a 2 week period, 
The average values for the plasma iron content and saturation of the iron 
nding globulin in subjeets who exhibited ervthropoletie toxicity with dextro- 
sulphenidol are compared with those obtained during the control period in 
hie. 8.) The delay in Fe clearance (half-life) from the plasma in a subjeet 
0 developed erythropoietic tOXICITA while ingesting dextrosulphenidol and 


e return to a normal value after the drue was discontinued are shown in 


ETE. CoMPARISON OF INCIDENCE OF ERYTHROPOLETIC DEPRESSION WITH CHLORAMPHENICOL 
AND DEXTROSULPHENIDOL 


cul ORAMPHENICOTL DEXTROSULPHENIDOI! 
NO. A NO), W/ 
finite ervtl ropotet i 
epresslon ] ? 30 66 
rderline erythropoietic 
lepression Rs t) ji i) 
erythropoietic ce pres 
7) Qy iT) 19 
TABLE TI]. SUMMARY OF DATA: PATIENTS RECEIVING DEX TROSULPHENIDOI 


AVERAGE MAXIMUM CHANGES DURING TEST PERIOD 


CONTROL DEFINITE BORDERLINI NO 
VALUES ERY THROPOLETL ERY THROPOLETL ERY THROPOIETIE 

KMINATION 19 SUBJECTS /EPRESSION DEPRESSION DEPRESSION 
atocrit % 16.9 + 2% S.] 5.0 2.4 

Iron 

ov. % 86.3 + 33 +136 +110 159 
saturation 

29.6 * ii + 47 + 36.6 +P0 

T/2 (min. > 406 117 75 
reappearance 

rvthroevtes 
il (days O.8 3H 2} 

um (days > 18% 1334 x! 
num (% 62" 871 a9} 


Data from 
Data from 2 subjects 


22 subjects 


Data from 2 subjects 
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KARLY DETECTION OF ERYTHROPOLE TIC: DEPRESSION £9) 


No permanent erythropoietic depression developed in any of the subjects 
nd the hematoerit returned to normal in every instance by the time the study 
vas discontinued (Fie. 2). None of the subjects exhibited any sienificant al 
eration in the leukoeyvte or platelet count during the period of the study. 
KExeept for the transient erythropoietic depression, no other toxic manifestations 
vere noted in patients who were receiving cither chloramphenicol or dextro 


‘ iphenidol 
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DISCUSSION 


Phe data demonstrate an excellent correlation between increasing plasma 
content, Increasing saturation of iron binding globulin, prolonged plasma 
anee of Ke . delay in reappearance of Fe in eireulating ervthroevtes, and 
rn tie matocrit as tests for ervthropoletie aK Pression, With the exception ot 
turnover Hy erythrocytes, none of the ferrokinetie determinations are in 
selves proot of erythropoietic inhibition. Tlowever, in every instanee where 
I plasma Clearance Was delaved, there Was a subsequent delay in re 
‘ance of I in the elreulatine ervthroevtes, Kurt he rmore, in all but 
Instances, an increase in plasma iron content and rise in saturation of 
binding globulin was also correlated with delay in reappearance of Fe’ in 


roevtes. It is particularly important to note that the rise in plasma iron 








160 RI 


content and increased saturation of iron binding globulin preceded the fall in 
hematocrit by a significant interval. Sinee a delay in the reappearance of Fe 

In erythrocytes is the most reliable ferrokinetic index of erythropoietic depres 
sion and since there is such an excellent correlation of this delay with changes 
in the plasma iron, serial changes ino plasma iron content and iron binding 
vlobulin saturation can serve as a sensitive and reliable screening procedure for 
early detection of erythropoietic depression. The excellent correlation between 
the changes In plasma iron and the more definitive tests for erythropoietic de 
pression obviates the necessity for performing the more involved and time con 
suming studies with Fe’. These determinations may be particularly usefu 


since the changes occur at a time when the peripheral blood is still normal. 

















w 
as w 100 en? 
> s, ™ NON-TOXIC (Subject No.2) 
>o 
_ Oo 
in 
of 80 
at 
Oo - 
= > 
oa 
WwW 
x 
o S80 F 
a 
= 
xz e ° 
Ww 
Qa 
ow 40 F 
23 
29 
<¢ 3 
~& 20 - Der 
58 ‘ 
x2 owe 
wenn” TOXIC (Subject No. IO) 
O Ors QHOrs Quer 
1 l l i A. 1 
.@) S 10 15 20 25 30 
DAYS AFTER ADMINISTRATION OF Fe59 
Big. 5 \ comparison of the rate of appearance of Fe in cireulating erythrocytes 
t toxic and nontoxic subject Both subjects received dextrosulphenidol The subject withe 
toxicity had 100 per cent of the Fe in the erythrocytes within S days The subject 
leveloped erythropoietic depression had only 55 per cent of the Fe” in the erythrocytes aft 
25 days even though the drug was discontinued on the sixth day 


Erythropoetic depression was the only hematologic TOXICITA detected wit 
both chloramphenicol and dextrosulphenidol in this study. Leukopenia, thron 
hoevtopenia, and marrow aplasia occur as manifestations of chloramphenic 
toxicity but the incidence of these serious hematologie reactions is thought 


be low." Erythropoietic depression whieh occurs without other signs ¢ 
marrow damage has seldom been reported as a manifestation of chloramphenic 
toxicity. The preceding study on changes in iron metabolism in connection wit 
chloramphenicol administration,’ as well as the observations in this report, in¢ 
cate that erythropoietic depression in itself is not a rare oecurrenee with eith 
chloramphenicol or the related compound, dextrosulphenidol. Similar studies 
on other therapeutie agents might therefore be of interest. 

Although erythropoietic depression may not necessarily be correlated wi 
ov be followed by, other toxie manifestations sueh as leukopenia, thromboey 
penia, and aplastic anemia, it is possible that continued use of a drug wh 
produces erythropoietic depression might eventually result in a general marre 
depression. Beeause of the life span of the erythrocyte, erythropoietic depi 


sion could exist for some time without an appreciable fall in peripheral blood 
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counts being noted, thereby allowing the continued use of a potentially dangerous 
rug. Such an assumption is unproved and it remains to be determined whether 
early discontinuance of drug therapy in patients manifesting erythroid depres- 
sion Will result in a decreased incidence of other hematologic toxicity. It would 
scom desirable, however, to perform routine serial determinations of plasma iron 
content in conjunction with the administration of drugs with potential hemato- 
ogie toxicity. Such routine determinations might aid in increasing the safety 
ith which drugs are administered 

Although ervthropoietic depression was relatively uncommon with chlor 

auphenicol, it was a frequent occurrence with dextrosulphenidol. Under the 

onditions of this study the toxie manifestations were mild and innocuous. In 
instances, the erythropoietic depression was reversible after the drug was 

discontinued. Tlowever, the incidence of toxicity in this report was determined 
healthy volunteers and may not reflect either the incidence or the type of 

toxicity which might occur in seriously ill individuals. Factors such as intfee- 

on, associated impairment of renal or hepatic function, and dosage and dura- 

tion of therapy may affeet the incidence as well as type of toxicity whieh may 
encountered, 

Substitution of a —CIL,.SO. radical for the NO, group in the nitrobenzene 
nety of chloramphenicol apparently results in the marked inerease of erythro- 
etic toxicity of dextrosulphenidol as compared to that of chloramphenicol. This 
rticular position in the structural configuration may therefore be vital in the 
chanism by whieh these compounds exert hematologic toxicity. Further 
idies on the effeet of the substitution of other radieals in this position on 


tibaeterial spectrum and hematologie toxicity are indieated. 


SUMMARY AND CONCLUSION 


An Increase in plasma iron content and an increase in the saturation of iron 
ding globulin preeeded the fall in hematoerit by an appreciable interval in 
iv induced erythropoietic depression. Although serial changes in plasma iron 
tent are not in themselves conclusive evidence of erythropoietic depression, 
e is an exeellent correlation between these determinations and the more 
nitive studies with Fe’ turnover hy ervthroevtes. Accordingly, a rise in 
plasma iron content and an inerease in saturation of the iron binding 

lin can serve as a reliable and sensitive index of early erythropoietic 
city. This would permit the discontinuance of a potentially noxious drug 
re changes become apparent in the peripheral blood. It is suggested that 
ine serial determinations of plasma iron content be performed in’ econjune- 
with the administration of drugs with potential hematologic toxicity in an 

Ipt to avoid serious injury to the marrow. 

\ppheation of these determinations has been useful in the evaluation of 
oxicity of an antibiotic with a chemical structure and antibacterial spectrum 
ar to those of chloramphenicol. Substitution of a —CH.SO, radical for the 


group in the nitrobenzene moiety of chloramphenicol results in a marked 
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Inerease ervihropotetic inhibition This particular Position In the structural 
configuration Wea therefore be vital in the mechanism I Which these compounds 
exert hemi tolo@le toxicity. 
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INFLUENCE OF SERUM PROTEIN BINDING ON RENAL CLEARANCE 
OF P-LABELED DIODRAST 


JEROME B. Buock, M.D.,* ANpD BELTON A. BuRROWs, M.D. 
Bostox. Mass. 


With THE TECHNICAL ASSISTANCE OF VALENTINE BIKERMAN 
AND DoRoTHY GRAHAM 


The recent elinical use of 1131-labeled Diodrast in evaluating renal function 
has prompted the study of its renal clearance in man. Clearances were found 
to be low at plasma concentration of I131-labeled Diodrast below 1 mea. pea 
cont whereas, at higher plasma concentrations, clearances were normal. It was 
also shown that plasma protein binding of 1I131-labcled Diodrast occurred at all 
concentrations studied and was inereased at levels below 1 mea. per ce nt. Un- 
labeled Diodrast saturated plasma protein bindina sites for 1131-labeled Diodrast 
and the simultaneous administration of unlabeled Diodrast resulted in normal 
clearances of I131-labeled Diodrast at all plasma concentrations. These results 
were nterpreted as demonstrating plasma protein binding to he a limiting 


r 


factor in the renal crerction of T! labeled Diodrast at the lou plasma concen- 


r 


ations achieved with the labeled compo nd, 


— (iodopyracet ), initially used for measurements of renal plasma 
flow and tubular excretory capacity, was replaced by para-aminohippurate 
cause of technical difficulties in its measurement.” The recent availability 
I'*'_labeled Diodrast has led to its use for evaluating renal function both by 
ternal monitoring techniques*’ and in physiologie studies.° There have been, 
wever, no studies in man concerned with the renal clearance of such minute 
ntities of Diodrast as are administered as the tagged compound. 
This report demonstrates that the clearance of I'*'-labeled Diodrast is de- 
ssed at low plasma concentrations and may be restored to normal with “ear 
or stable Diodrast, presumably through the effeets of carrier Diodrast on 


sma protein binding of I'*'-labeled Diodrast. 


MATERIALS AND METHODS 


Standard clearance techniques were employed in 20 men without known cardiovascular 
nal disease. One hour after a single injection of 1I151-labeled Diodrast, renal clearance 


P) of the residual 11%1-labeled Diodrast was calculated using interpolated values 
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to correct for the slight fall in plasma levels observed at this time. In other studies, renal 
clearance of 1[131-labeled Diodrast was performed, using a prime and constant infusion of 
[131-labeled Diodrast, at plasma concentrations of less than 2 wg per cent. In several experi 
ments, stable Diodrast was also administered, and in two subjects studied, the simultaneous 
clearance of [131-labeled Diodrast and stable Diodrast was determined. Urine samples wer 


obtained by having the patient void, plasma samples by venipunectures using heparinized 


syringes. All compounds were administered intravenously. 
Equilibrium dialysis experiments were carried out on freshly drawn serum to whicl 
had been added varying quantities of 1151-labeled Diodrast alone or in combination with 


) 


stable Diodrast. Samples were placed in Cellophane bags (36 by 32 Dextar) and dialyzed 


against twenty times the plasma volume of isotonie phosphate buffer at pH 7.3. Equilibriun 
was usually established within 24 hours; however, dialysis was continued for 48 hours at 5° C 
Some samples of serum were repeatedly dialyzed against fresh buffer and the ratio of 
plasma radioactivity to buffer radioactivity was successively obtained. No significant bin 
ing of 1131-labeled Diodrast to the Cellophane bags was observed. 

Radioactivity of samples containing [15%1-labeled Diodrast was measured in a well-tyype 
Nal(T1) scintillation counter. Chemical concentration of 1131-labeled Diodrast was ealeu 
lated from the specific activity of the dose used. Chemical concentration of stable Diodrast 
was determined by iodine analysis using a modified Barker distillation-digestion method. 

The 1151-labeled Diodrast* used for these studies was subjected to ascending pay 
chromatography using a solvent of glacial acetic acid, butanol, and water (10:75:15) an 
descending paper chromatography using phenol and 20 per cent hydroehlorie acid, with 
barbital buffer. Strips were placed on x-ray film and exposed for 1 to 2 weeks; they weré 


also sectioned and counted to estimate the percentage of impurities. Two impurities wer 
found along with [1%1-labeled Diodrast in the commercial product. Impurity ‘*A’’ had 

Rf of 0.18; impurity ‘‘B’’ had a Rf of 0.86 in the ascending system. The amounts « 
impurity were always less than 1.0 per cent of the total radioactivity present. These impur 


ities were not noted on chromatography of the 30 minute urine specimen obtained afte 
administration of 1I151-labeled Diodrast. Twenty microeuries of I121-labeled Diodrast wa 
usually given as the single dose. One gram of stable Diodrast was used when carrier was 


given unless otherwise noted. 
RESULTS 


Renal Clearance and Extraction Ratios of I'*'-Labeled Diodrast—One how 
after an injection ¢ 


f | '_lahbeled Diodrast alone, concentrations of TP labeled 


TABLE I 


URINE PLASMA CLEARANCI 
TIME FLOW [1151-LABELED DIODRAST [151-LABELED DIODRAS 
SUBJECT MIN. ML./ MIN. ( BG “ (ML./ MIN. 
Sar l Inject: 0.15 mg. 11%1-labeled Diodrast, I.V. 
15 Urine: discard 
61 7.8 0.17 210.5 
86 9.2 0.16 185 


116 11.8 0.14 190.9 


Ros l Inject: 1.2 mg. 1[131-labeled Diodrast, I.V. 
15 Urine: discard 
60 14.1 0.17 
80 13.3 0.14 
115 12.8 0.11 2 





Leh l Inject: 0.18 mg. I131-labeled Diodrast, I.V. 


57 Urine: discard 
122 re 0.17 161.5 


*\bbott Laboratories, Oak Ridge, Tenn 
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~ | 
% INJECTED DOSE 
PER LITER PLASMA 
an 
TIME IN MINUTES 
l Plasm lisappearance of I ibeled Diodrast Plateauing of plasma _ 1*!-labeled 
Diodrast concentration was observed within the first 30 minutes after injection 
liodrast in plasma deereased slowly in the plateau phase (Fig. 1). Clearances 


erformed at such levels ranged from 185 to 275 ml. per minute, averaging 218 

per minute. (Table I). In a patient undergoing right heart eatheteriza- 
m for evaluation of mitral stenosis, blood samples were obtained from the right 
nal vein after an injection of I'!-labeled Diodrast.* The renal extraetion ratio 
r I?*'-labeled Diodrast determined during the plateau phase of the plasma I’*?- 
led Diodrast curve was found to be 0.51.) In another patient undergoing 
nal explorationt with ether anesthesia, direct sampling of the right renal 
tery and vein revealed that the I 


-labeled Diodrast extraction ratio was 0.85 
ring the rapid fall-off and 0.52 during the plateau phase of plasma radio- 
vitv. When earrier Diodrast was administered simultaneously with [°?- 
cled Diodrast, abrupt plateauing of plasma radioactivity was not observed; 
plasma I'*'-labeled Diodrast curve resembled plasma stable Diodrast curve 


») 
oO 


Effects of Carrier Diodrast on the Renal Clearance of I'?!-labeled Diodrast. 
constant infusion techniques, it was shown that the caleulated clearance 
-labeled Diodrast was related to its plasma concentration at low levels. 

w I''-labeled Diodrast plasma concentrations of 0.5 ue per cent, clearances 
less than 340 ml. per minute. Above I*?-labeled Diodrast coneentrations 

S ne per cent, clearances were more than 500 ml. per minute. In some sub- 
clearances were serially raised to normal levels by raising the plasma con- 

ation of I?*!-labeled Diodrast (Sar, Blo, Gor, Fie. 3.) Differenees in urine 

induced by mannitol diuresis did not influence calculated clearances (Blo, 


Kindness of Dr. William Hollander 
Kindness of Dr. George P. Whitelaw 
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TABLE II 
URINE PLASMA CLEARANCI 
riMt FLOW [151-LABELED DIODRAST 1iS1-LABELED DIODRAST 
SUBJECT MIN. ML./MIN, wa % ML./ MIN. 
Leh | Prin es OD mg. ]1 1 labeled Diodrast, L.\ * 
2 Infuse 1151-labeled Diodrast at 14.1 meg. per minute to et 
51 Urine: diseard 
66 1.0 1.6 646.9 
82 2.2 1.7 740 
83 Infuse stable Diodrast at 40 mg. per minute 
Qs 5.6 yA 109 
114 12.2 YB 590.9 
115 Injeet: 7 Gm. stable Diodrast, LV. 
116 Increase rate of stable Diodrast infusion 260 meg 
perm Inute 
M4 9.4 25 315 
150 13.1 1.0 2G» 
Sar ] Prime: 0.39 mg. 11%1-labeled Diodrast, [.V. 
2 Infuse 11%1-labeled Diodrast at 2.4 meg. per minute 
111 Urine: diseard 
126 as 0.72 Sia 
150 6 0.71 25 
165 8.2 0.79 393 
182 12.7 0.61 
1908 13.6 0.59 
199 Infuse stable Diodrast at 11.6 mg. per minute 
915 3 0.64 
231 12.6 O65 
246 13.7 0.65 
62 14.1 0.64 
As] l Prime: 0.17 mg. T1%1-labeled Diodrast and 0.87 Gm. 
of stable Diodrast 
2 Infuse 1131-labeled Diodrast at 5.4 meg. per minute 
and stable Diodrast at 10.8 mg. per minute 
32 Urine: diseard 
7 10.2 0.45 709 
63 11.4 O31 639 
QS] 11.3 0.25 517 
96 12.9 0.22 DST 
111 14.6 O17 559 


Sol, Fig. 3). The clearance of I'*'-labeled Diodrast was decreased by doses o 
stable Diodrast whieh exceeded anticipated rates of maximum tubular secreton 
eapacity (Leh, Table I 

At established low clearance rates of [?*'-labeled Diodrast, the addition o 
carrier Diodrast to a constant infusion of I**!-labeled Diodrast did not inereas 
the elearance of I'*'-labeled Diodrast during the period of observation (Sa 
Table IL). Hlowever, when carrier Diodrast was administered as a prime alot 
with I'*'-labeled Diodrast, and both were constantly infused in similar pr 
portions, normal clearances of I'*!-labeled Diodrast were obtained at low plasn 
eoneentrations of I'*!-labeled Diodrast (Ash, Table IIT, and Bab, Table ITI 

In subject Bab, the clearance of stable Diodrast averaged 7.9 per ee 
higher than the I'*!-labeled Diodrast clearance. In a similar study where 1 
prime of stable Diodrast was omitted, marked differences in clearance of | 
labeled Diodrast and earrier Diodrast were seen (Gor, Table III). In tl! 
instance, clearance of earrier Diodrast averaged 38.4 per cent higher than t 
clearanee of I'*'-labeled Diodrast. 


ed 
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894 mg. Stable Diodrast 
NJECTION) 54 wG yi3i bs 
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T 


1 1 


Fig. 2 Simultaneous plasma disappearance of stable Diodrast and I™!-labeled Diodrast. 
en the compounds were administered together plateauing of plasma _ I*!-labeled Diodrast 
not seen for 30 minutes after injection 


Equilibrium Dialysis Studies of Serum Protein Binding of I'*!-Labeled 
odrast.—Using the ratio of serum I'*'-labeled Diodrast activity to buffer I'*?- 


eled Diodrast activity as an index of serum protein binding, it was found 


TABLE ITI 


PLASMA CONCENTRATION CLEARANCE 
URINE [131-LABELED STABLE [131-LABELED STABLE 
TIMI FLOW DIODRAST DIODRAST DIODRAST DIODRAST 
IECT MIN. ML./MIN. ua% MG.% ) (ML./MIN.) (ML./MIN, ) 
b l Prime: 85 meg. I151-labeled Diodrast and 310 mg. stable Diodrast 
2 Infuse [131-labeled Diodrast at 0.5 meg. per minute and stable Diodrast 
at 1.7 mg. per minute 
90 Urine: diseard 
105 9.3 0.17 0.125 195 500.4 
120 7.4 0.17 0.115 388 538 
35 7.6 0.17 0.105 460 559 
150 7.3 0.16 0.105 366 $40.5 
151 Increase infusion to 1.5 meg. per minute I151-labeled Diodrast and 5.1 
mg. per minute stable Diodrast 
166 Urine: diseard 
182 7.3 0.75 0.50 178 542.9 
197 8.1 0.72 0.50 685 715.6 
212 5.9 0.74 0.55 489 498.7 
r l Prime: 877 meg. I131-labeled Diodrast 
2 Infuse I151-labeled Diodrast at 1.6 meg. per minute and stable Diodrast 
at 11.02 mg. per minute 
61 Urine: discard 
75 15.4 0.66 5.5 471 724.6 
91 15.8 0.56 4.7 392 681.7 
106 14.3 0.49 4.4 335 560.3 
115 16.4 0.59 4.8 385 619.1 
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Fig. 4 Plasma protein binding of I'!-labeled Diodrast With successive dial) 
nereased plasma to buffer ratios were most regularly obtained below plasma _ I1*!-labe 
Diodrast concentrations of 2 we per cent. 


that binding of I’*'-labeled Diodrast occurred at all concentrations tested. S 
cessive dialysis permitted evaluation of binding in a single serum sample w! 
a one thousand fold change in concentration of I'*!-labeled Diodrast. At ser 
concentrations from 100 to 1,000 ne per cent, the serum to buffer ratio averag 


28. At serum concentrations from 10 to 100 ne per cent, the ratio also averag 
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ys. At serum concentrations from 2 to JO ve per cent, the ratio averaged 3.9. 


Below serum coneentrations of 2 pe per cent, the ratio averaged 6.1 Fig. 4 

When T'?-labeled Diodrast (after dilution over a similar range) was added 
lireetly to serum, differences in binding were also observed at serum concentra- 
ons below 2 we per cent. When | labeled Diodrast was added to bufter rather 


an serul and dialyzed, ho sequestration ot | labeled Diodrast within the 


me Was noted iit the concent rations tested Kio. a 


Addition of carrier Diodrast to serum to achieve concentrations up to 0.5 


(im. per cent pric to addition of I labeled Diodrast did not affect the ratios 


» to 3 observed for | labeled Diodrast. Jligher serum concentrations re- 


. 1 ra in lower serub to buffer ratios Kio, 6 These lar r amounts of earrier 


x 
2 
e © 
se se se Cc . e . 
Fig. Influence of diffusion on ratios of plasma to buffer I labeled Diodrast When 
beled Diodrast was added to buffer alone and dialyzed, diffusion was not a limiting factor 
lilibration at 48 hours When 1 labeled Diodrast was added to plasma, highest ratios 
bserved at plasma concentrations of 1 to 2 ug per cent 
k 
c ~ e 40g _ 
&. 6.—Saturation of plasma protein binding of I'!-labeled Diodrast by carrier Diodrast. 
Kr imounts of stable Diodrast were added to plasma at the concentrations indicated before 


igainst buffer of 20 times the plasma volume 
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Fig. 7 Displacement of I-labeled Diodrast from plasma proteins by carrier Diodr 
Displacement of I-labeled Diodrast was frequently incomplete below plasma concentrati 


of 2 we per cent 


Diodrast were able to displace a part of the bound I'!-labeled Diodrast fro1 
the serum proteins at all concentrations of I*°'-labeled Diodrast, but to a less 


extent at low serum econeentration of I'*'-labeled Diodrast (Fig. 7 


DISCUSSION 
The renal excretion of Diodrast is so efficient that there is almost complet: 
extraction from the plasma perfusing the renal tubules. Limitations of sue! 
transport across renal tubular cells have been ascribed previously to cellulat 


factors. Maximum tubular secretion of Diodrast has been shown to oeceur whi 
plasma concentration is raised to saturate an intracellular ‘‘earrier transport 


system.* At lower plasma levels, ealeulated clearances are said to be independ 
ent of plasma concentrations.” In the present study, the renal excretion of | 
labeled Diodrast was found to be dependent on plasma concentration at extrem 
low plasma levels of the chemical compound. 

Using both a single injection technique and sustained infusions of | 
labeled Diodrast, caleulated clearances of ['*'-labeled Diodrast were found 


be much below anticipated normal levels for Diodrast of 700 ml. per minut 
Also, during the rapid plasma fall-off phase of I'*'-labeled Diodrast given alone, 


the observed renal extraction ratio of 0.85 was comparable to the extractio1 


ratio of 0.94 reported for para-aminohippurate, but the extraction ratio of 0.54 
observed during the plateau phase was not. The decreased excretion of | 
labeled Diodrast at low plasma levels may be explained in several ways: 

a portion of the administered material is impure and cleared at a slower rate 
than I'*'-labeled Diodrast; (2) at low plasma concentrations a significant pro- 
portion of I'*!-labeled Diodrast is reabsorbed by the tubules; and (3) as plasma 


concentration falls, I**'-labeled Diodrast binding by plasma proteins becomes 
a limiting factor in the rate of tubular seeretion. Combinations of these pos- 
sibilities may exist. 

Chromatographie separation of commercial I'*'-labeled Diodrast reve:!s 
several impurities which do not appear in the urine, but these apparently occur 
in concentrations that are too small to be responsible for the present findin:s. 
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In addition, if the plateau phase seen with a single injeetion of I'*!-labeled 
Diodrast were entirely a manifestation of such impurities, it might not be af- 
ected by the administration of stable Diodrast, whereas in fact it was essentially 
bolished. Also, low clearance rates were obtained with a constant infusion of 
[''-labeled Diodrast at low plasma levels. 

Sueh established low clearance rates were not altered by the subsequent 
addition of relatively large amounts of earrier Diodrast. The two substances 
were eleared at different rates, whieh would rule out tubular reabsorption as 
an explanation for the low I'*!-labeled Diodrast clearances. Tubular reabsorp- 
tion has not been deseribed in man for Diodrast, para-aminohippurate, or phenol 
red, although reabsorption of [''-labeled Diodrast has been demonstrated in 
Necturus.'® A priming dose and a sustaining infusion of earrier Diodrast with 
the I'-labeled Diodrast did result in normal clearances of both substances at 
ow plasma levels of ['’!-labeled Diodrast. 

A plasma protein saturation phenomenon is suggested by these observa- 
tions. Using equilibrium dialysis, a relatively nondialyzable complex of plasma 
protein with I''-labeled Dicdrast was noted at plasma concentrations below 1 





to 2 ne per cent, which coincided with the approximate range of plasma eon- 


centrations associated with decreased clearances of I’*'-labeled Diodrast. At 
these low eoneentrations large amounts of carrier Diodrast were unable to 
completely displaee the more firmly bound 1'*!-labeled Diodrast. Previous 
tudies of plasma protein binding of Diodrast, using relatively high coneentra- 
ms, have not demonstrated sueh differences in binding.'' However, different 
nding affinities have been ascribed to different plasma proteins with corti- 
steroids,’? thyroxin,'’ cholanie acid,'* and vitamin B,.,’° probably representing 
‘common biologie phenomenon. 
Different plasma proteins with differing affinities for I’*'-labeled Diodrast 
he responsible for the present observations: several loci of binding on the 
e plasma protein with differing avidity for I1'°'-labeled Diodrast may also be 
important factor.’° Protein binding has been demonstrated to be of prime 
ortance in the excretion of phenol red’? and hemoglobin'* and is responsible 
the biologie half-life of 2.5 vears for Teridax.'® The protein-I'*!-labeled 
drast complex is apparently less dissociable at low plasma coneentrations, 
iting in less I**!-labeled Diodrast being extracted from the plasma perfusing 


renal tubules. It is assumed that such interactions between tubular cells 
the protein-I'!-labeled Diodrast complex occur at the cell surface, rather 
Within the renal tubular cell, although these observations do not rule out 
e weurrence of intracellular binding phenomenon.’° It is not felt that these 
)- vations represent an isotope effect resulting from the labeling of Diodrast 
a because of the small change in weight which results. Analytie teeh- 
S s, sufficiently sensitive for such low plasma concentrations of stable Dio- 
S- are not available to confirm this belief. 
SUMMARY 
Is 
ir |. The renal clearance of I'*!-labeled Diodrast is depressed at the low serum 


- itrations attained when I'*!-labeled Diodrast is given alone. 
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2. The administration of carrier Diodrast restores the renal clearance oi 
L'*'-labeled Diodrast to normal levels. 
3. Serum protein binding of ['*'-labeled Diodrast at low serum coneentra 
tions can be demonstrated by dialysis techniques; this can be prevented by thi 
addition of carrier Diodrast. 


1 


4. The depressed renal clearance of ['"'-labeled Diodrast, given alone, may) 


be due in part to its binding by serum proteins. 
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LABORATORY METHODS 


A RAPID AND SIMPLE METILOD FOR MEASURING TILE RATE OF 
CEREBRAL BLOOD FLOW IN TUMANS WITIL KRYPTON? 
SOLOMON N. ALBERT, M.D.,* CHAatom A. ALBERT, M.D.,* 


Np JOSEPH EF. Fazekas, M.D.*? 
WASHINGTON, D.C 


| simple p ocedure n hich A yptonss, a adioactive gas, is utilized as 


de cloped for measuring thie ate of eerebral hlood flor 2 Cerebral tissue is 
apidly saturated with krypton hy hreathing the gas in a closed cirenuit fo 
| 2 minutes. {t the termination of the saturation period, the subject is allowed 
to breathe air and climinate kh yptonss from the system. Cerebrovenous blood 
samples are drawn at one minute intervals over a period of 5 minutes during 
the climination period, The rate of kryptonss elimination from cerchbral tissue 


s measured by plotting the alues of hryptonss concentration in blood samples 


concentration ersus time. The slope of the curve of elimination is ndicative 
the rate of ¢ bral blood floi expressed in milliliters per minute pe 100 
grams b atin. 
A yptons s «rtracted from blood samples and clative coneentrations are 
measured in a Geiager-Miiller aqas flo counter. 
Results obtained with this technique compared favorably th results ob 
tained with the standard nitrous oride me thod. 
The advantages of utilizing a radioact e das fo measuring the rate of 
hral blood flow are: measurements are specific, simple, and rapid. Moreor 
a stheti« qases do not interfere th the procedure of aas analysis. 


F ASSEN and Munek' have recently described a method for the determination 
hu of the rate of cerebral blood flow in human subjeets in which Kr is 
stituted for nitrous oxide. The subject inhales a constant mixture of Kr in 

nh a closed ventilation system for 14 minutes; arterial and cerebral venous 

ul samples are withdrawn simultaneously at specifie time intervals during 
period, A total of 16 blood samples are collected and analyzed in special 

tes designed to measure the relative blood concentrations of Kr’. The 
‘advantage of Kr over nitrous oxide is presumably a technieal one, in that 
rmits specifie, accurate, and rapid analysis of gas concentrations. The 
s obtained for cerebral blood flow in normal subjects are essentially the 


as those reported by others who used nitrous oxide. 
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In this preliminary report, the rate of total cerebral blood flow was de- 
termined in human subjects with Kr’; the procedure of Lassen and Munck was 
modified and considerably simplified to permit rapid bedside determination 01 
cerebral hemodynamics. Comparative values for total cerebral blood flow 
determined simultaneously with the modified Kr*’ procedure and the nitrous 


oxide technique of Scheinberg and Stead are presented. 


METHOD AND MATERIAL 


Needles are inserted into the internal jugular bulb and femoral artery for blo 
sampling as originally described by Kety and Schmidt.2) A dampened aneroid manomete: 
is attached to the arterial manifold for monitoring mean arterial pressure. 

A earbon dioxide absorption unit, commonly used on anesthetie gas machines w: 
modified so that it could be readily converted into a unidirectional, nonrebreathing syster 

Fig. 1). Two 2-way stopeocks, A and B (internal diameter #4 inch) are placed in the gas 


flow circuit. With both stopeocks in position a a elosed ventilation system is establishe 








by introducing a rebreathing bag and soda lime cannister into the cireuit. When stopcoe] 
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Fig. 2.—Sequence of blood sampling for simultaneous Kr® and nitrous oxide techniques 
determine the rate of cerebral blood flow. 
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and B are turned to position b, a unidireetional nonrebreathing t 


system is achieved with 
inlet at stopeock B and outlet at stopeock A. Directional flutter valves placed in the face 
ask adapter minimizes rebreathing and insures unidirectional flow of gases 


With stopeocks 4 and B placed in position b, the reservoir bag is filled with air and the 
mask is firmly fixed over the subject’s face, stopcock A and B are turned to position a 
osed ventilation system) and 400 pe of Ki in air is injected into the reservoir bag. 
‘ygen (250 ml. per minute) is constantly supplied, for metabolic requirements, through a 
The subject is permitted to rebreathe the Krs 


krypton saturation time 


pple in the reservoir bag. 


air mixture for 
to 2 minutes 


at the end of this pe riod, stopeocks A and B are 
and 15 per cent NO, 21 per cent O 
reservoir bag 


rned to position b (nonbreathing system and 69 per 
N. is introduced through the attached to inlet of stopeock B. This phase 
designated as the Krs5 elimination period or desaturation phase and the beginning of the 
rous oxide inhalation or saturation period 


1. 


fwo arterial and six cerebral venous blood samples are 


e rate of cerebral blood flow using 


10 ml. heparinized syringe) is 


required for the determination 


Kress, Each blood sample (3 ml, accurately measured 


withdrawn within 5 seeonds. The first arterial and cerebral 
ous blood samples are drawn simultaneously at the termination of the Krs > saturation 
iod, Five additional cerebrovenous samples are drawn at exactly one minute intervals 
eafter, during the krypton elimination period. A second arterial blood sample (for back 
ind level determination) is drawn at the fourth minute of the Krs5 elimination phase (Fig. 


All syringes are labeled and immediately sealed with metal caps to prevent loss of Krs 
from the blood samples. 


Arterial and cerebral venous blood samples are simultaneously withdrawn at a specific 


when the subject commences the inhalation of the N.O gas mixture over a 10 minute 
id, according to the procedure described by Scheinberg and Stead.4 The withdrawal of 
ebral venous blood for Krs® determination is accomplished by inserting a syringe into 
manifold; the brief interval required for the withdrawal of blood specimens does not 


blood for N.O determinations, The 


rial blood samples are analyzed volumetrically for N,O, CO 


reclably influence the collection of cerebral and 


», and O, contents and the 
f cerebral blood flow is calculated. 
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Procedures for Measuring Concentration of Kress in Bood Samples.—Extraction of Wt 
from the blood samples is accomplished as follows: The barrel of the sealed syringe ts 


s removed t 


withdrawn to the 10 ml. mark and held firmly in position while the metal cap 
permit the inflow of air. The cap is then replaced and the contents of the svringe (7 ml 
air and 3 ml. blood) are vigorously shaken for 10 to 15 seconds; the syringes are then placed 
ina test tube rack, tip up, for 10 to 15 minutes, 

\ standard thin glass wall Geiger-Miiller (M-4) gas tlhow detector is used for counting 
Krs Fig. 3). \ directional stopeock (4) has been adapted to the inlet opening and a 
reservoir which contains 20 to 30 ml. mercury to the outlet opening (Bb). The mereury in the 
reservoir is adjusted to level off at the outlet opening at atmospheric pressure. The counting 
chamber is filled with mereury by applying suction to inlet stopeock (4) at position 7. The 
inlet is then closed and the svringe which contains air and blood for Krs5 analysis is attached 
to stopeoeck (4) at 2. Stopeock (4) is turned to position 2 and 6 ml. of gas is introduced inte 
the eounting chamber as the mereury level falls. The syringe is detached and as soon as tl 
mereury level stabilizes and atmospheric pressure is reestablished, stopeoek (4) is turn 
to seal off the inlet and the gas content is counted. \fter each analysis, the counting 
chamber is decontaminated by flushing it with air and spot-checks for atmospherie baekgroun 


levels are made between each analysis to insure proper decontamination, 


Caleulations.—The formula derived for the ealeulation of cerebral blood flow by meat 
of Krs5 gas is based on observations made on the relative concentrations in arterial an 


cerebral venous blood at specific time intervals after cessation of rebreathing the radioactive 


gas (Fig. 4 
During the first minute, t, to t immediately after the saturation period artel 
eoncentration (a) of Kreo fall-off is extremely rapid and thereafter remains at varying | 


extremely low levels (Fig. 5 
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Fig. 4 Method for calculating cerebral blood flow by the rate of elimination of Kr 
cerebrovenous blood samples 
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Ves obtained during rapid partial ituration of the central nervous system with 


Kr’ and behavior during the desaturation period. 


der normal conditions, with no disturbances, in Kre> elimination (adequate pulmonary 


Xeliangre luring the period 1 l to t $, the low arterial content of Krs> may 
msidered to constitute a slowly varving baekground coneentration. Repeated experi 
ve shown that arterial concentration (a) of Krs5 content at the fourth minute during 


nation period is a representative measure of the mean arterial background concentra 
for the time interval t ltot t. 

fall-off of Krs5 in cerebral venous blood (v) during the period t, to t, suggests 
e is no significant continued diffusion of the gas aeross to the brain after the 
m phase is completed. \fter this period, the arterial to venous contamination is 


to the extent of the variable low background ae} Concentration of Kress in 


venous blood during time interval t, to t, may be taken to indicate the diffusion of 

the blood from that aecumulated in cerebral tissue. The rate of Krs5 fall-off in 

venous blood corrected for arterial baekground (vy G) may, after the first minute, 
esented by an exponential curve for the time interval t ltot }. 


formula for caleulating rate of total cerebral blood flow is derived as follows: 
dBA 
dt 
mass of brain: B concentration of WK in brain tissue: v concentration of 
erebral venous blood: a coneentration of Kress in arterial blood: and F hlood 


ugh brain. 


mn he observations noted on the behavier of Krs5, the following assumptions and 


ns Were made: 


G aat t, background level for the period t, to t,. 
\ Cerebral venous concentration of Krs5 after 1 l. 
e differential equation: 
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Utilizing this formula 
rate value is subtracted 
count rate values thus corrected 
as shown in Fig. 
slope of this line IS Ine asured, 

\ convenient 
for the corrected cerebral 


This time interval is e 
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RESULTS 


fourth 


rate 


hetween points ft 


its value 


100 ore 


determine 


arterial 
Cerebral 
» plotted on semilogarithmic paper 
fand the 


it 


factor 


Table I presents total cerebral blood flow rates obtained using the Kr 


cedure deseribed in 10 hospitalized patients ranging in 
In order to determine the accuraey of the technique as well as to estimate tl! 
interval of time within which the procedure can be repeated, duplicate observa 
tions were obtained on each subject 5 minutes after the first flow was completed 

The mean value for total cerebral blood flow for both the first and second 
determinations reveals a finding of 47.91 ml. per 100 grams per minute for thi 


former and 49.50 ml. 


0.0691. 


Table If presents the comparative data obtained using simultaneously thi 
Scheinberg and Stead’s nitrous oxide procedure and the Kr° 
under study. 


ranging from 


dysfunction. 


eerebral flow with 


ot blood flow 


TABLE I. 


CASE NO. 


rn) 
10 

Total 

Mean 


Mean average 
Ratio between 


per ce nt 


65 


Kr 


RESULTS O} 


YR. 


63 
16 
+1 


6S 


oo 


18.7 


| 


per 


and 


MEASUREMENTS OF 
MopiFriEp 


for the latter; 
difference is 1.37 ml. per 100 grams per minute with a standard deviation ot 


overt 


technique is not significantly different 
obtained by the N.O procedure, 


OF CEREBR 


DUPLICATED RESULTS 


l 


17. 
42.8 


Or 


difference 
Standard 





$6.1 
41.3 
oa.4 
64.2 
joo 
50.2 
1S.0 
58.8 
38.0 
52.6 


195.1 
19.5 


\verage 
tion of 


age 


t) 
, 


differences 


from 22 to 68 vears 


averart 


method presentl 
The 19 observations were obtained on 15 hospitalized patients 
cerebral 
The mean value of 46.9 ml. per 100 grams per minute for tot: 
the 
(48.1 ml. per 100 grams per minute ) 


from 
The rat 


is 0.980 with a standard deviation of 0.067 


BI OobD FI ay\ 


DIFFEREN‘ 


S 


difference 
0.0691 
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E II COMPARISON OF RESULTS OBTAINED ON RATE OF CEREBRAL BLOOD FLOW MEASURED 
SIMULTANEOUSLY WUTH KR AND Nitrous OXIDE TE HNIQUES 
SE NO \ IX oO Kr : N.O 
] 1] 12.4 19.3 0.860 
» 33 3.9 9.1 0.911 
- 4 rs.) 9.1 0.971 
| 16.4 52.9 O.SS6 
5 aco 1.4 ov. 1.015 
6) us 58.2 O05 0.962 
- 1S $4 DOO O.SSO 
\ 14} ‘2.2 13.0 O.944 
y ov ‘7.4 18.5 0.978 
10 ou ft). O1.7 0.912 
11 ys 58.8 50.9 O.9S2 
|» “ty Be Se 1.105 
133 1? 7.8 (rig 34.7 L.0S9 
$1.7 t Pood 0.992 
14 y09 rig 1.7 he 
3.1 ileft 53.0 1.00] 
15 17.9 (righ +S. 1] 0.995 
17 9 let $4}, } 1.050 
16.1 (lef 17.2 0.976 
lo 1 SO) 114.9 18.630 
Ve 164 1S. ] 
Ratio of rebral bl flow t ! t Ix t tl N:O values was 0.980 
tanda Viatie f bh 


In Table IIT data on GO hospitalized patients ranging from 23 to 82 vears 


age with varied diagnoses are presented, In this eroup of subjects the rate 
total cerebral blood tlow was also determined simultaneously by both the Kr> 
‘hnique and the established NO proeedure. The for Kr’ 
‘26 Is, again, not significantly different from that of 40.14 obtained using N.O. 
Kr’ to N.O observed 3 
a eviation of 0.1408. 


mean value of 


e ratio of n these studies was 1.008 with a standard 
It is Important to note that exeellent agreement between 
two procedures was obtained despite the faet that the individual rates of 
ebral blood flow varied from 16.0 to 77.0 ml. per 100 grams per minute using 
N.O procedure, 


DISCUSSION 


A procedure to be 


ple to perform, reliable, and not too time consuming, and the results obtained 


he 


nique of Kety and Sehmidt primarily to reduce the number of volumetric 


applicable to elinical conditions should be reasonably 


aecurate, Secheinbere and Stead modified the original nitrous oxide 


analyses. 


Lassen and Munek! subsequently substituted Kr‘ 


for N.O to 


her eliminate the necessity for gas analysis and presumably to improve the 


racy of the technique. 


Despite the above modifications, the presently avail- 


techniques for measuring cerebral blood flow are still somewhat cumbersome, 


consuming 


and 


are 


not 


ssitate rapid and repeated bedside evaluations. 


readily adaptable to clinical situations whieh 


rhe ventilation system deseribed by Lassen and Munck for the administra- 


of Kr* 


ossibility of contamination. 


is not only cumbersome and intricate to operate, but also presents 


The use of a simple portable circle absorber 


in by which the isotope may be administered and collected, eliminates many 
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PATHOLOGIC CONDITIONS AND INDUCED PHYSIOL 
NAGNOSIS LINICA 
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Cancer of pancreas Control 
Cancer of pancreas Hypothermia 
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Glioblastom: Control 

Hypothermia 
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Internal carotid thrombosis 
Internal carotid thrombosis 
Internal earotid thrombosis 
Internal carotid thrombosis 
Glioblastoma 

Glioblastoma 
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Cancer 
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Gastrointestinal malig Epinephrine 
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Shock, pulmonary infare Control 
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Shock, pulmonary infare 
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tion 
Internal carotid thrombus Right 
Internal carotid thrombus Left 


Cardiovascular arrest, Control 
shock 
Cardiovaseular arrest, Levophed 
shock 
Caneer of stomach Levophed 
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Levophed 
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Epinephrine 
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Cancer of stomach 
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Cardiac arrest 
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Pneumonia 
Generalized arteriosele 
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Generalized arteriosele Epinephrine 
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Arterioselerotie heart 
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Arterioselerotie heart 


disease 


Control 


Epinephrine 
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Post-Lig. LT. 
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“ABLE I[LI—Ct 
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these objections: moreover, Contamination is minimized sinee half the amount 
Kee’ is used, and the rebreathing period is reduced trom 14 to 2 


minutes. 
hanneling the isotope to an outside vent for five minutes immediately atter 
Where 


e saturation phase IS completed further reduces room contamination. 
0 outside vent is available the expired air can be collected in cellophane bags. 


( 


time required for the blood tlow determination is significantly shortened 
nd 


tl c number ot blood samples collected for krvpton counting has also been 


rrespondingly reduced; the latter procedure has been greatly simplified. 
(‘ountineg Kr in blood samples | 


vy Lassen’s procedure entails the use ot 
eclal cuvettes with thin mica windows, filled with blood under lieht 


| 
( 


pressure 
{ sealed, 


The miea windows must be carefully calibrated as to thickness, 
nee beta particles are nonpenetrating and only a superficial thin film of blood 

easured, Counting cuvettes are placed hetween two balanced Geiger-Miiller 
ectors and the highest count achieved is 7,000 counts per 15 minutes or 460 
10 «p.m. Inadvertent introduction of air in the cuvettes will give uneven 
ribution of 


the 


Kr’ over the counting surface area. 
135 The Ka? 
‘h we used is relatively inexpensive. The high count obtained by the tech- 
e described, of 3,000 counts per 2 minutes averaging 1,000 @.p.m. is approxi- 
IN twice the count rate obtained with the cuvette system. 
ired for 


Ine 


Total time required for 


nting 16 specimens is minutes, material for counting 


The total time 


counting 7 includes preparation of samples, 


specimens, which 


time, manipulation, and a 15 minute equilibration time at room 


erature, is 45 minutes, 
The results obtained with the present procedure indicate that its aecuraeyv 
‘eliability not been affeeted by the modifications deseribed. The 
ations presented in Table I not only demonstrate the close agreement in 
s obtained on the same patient 


Le 


have 


same internal jugular vein) but also indi- 
the 


at a relative saturation of the brain with Kr*’ ean be accomplished within 
»2 minutes and that complete desaturation occurs within 5 minutes, 


Since 
artition N.O 1.06 


coefficients for and Kr’ are. similar, and 1.059. 
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respectively, the latter observation should not be too surprising since practically 
complete saturation is achieved, in most instances, with N.O within the first 5 
minutes of its inhalation. The fact that with Kr’ repeat studies can be 
performed within 5 minutes indicates that in subjects with no pulmonary 
ventilation impairment the elimination of this gas from brain and blood pro 
ceeds at a rapid rate. 

The close agreement in cerebral blood tlow rates observed between results 
obtained using Kr*° desaturation and N.O saturation procedures, as denion 
strated in Table I], further indieates the reliability of the proceedure and is 
evidenced also by the ratio of approximately unity attained on mathematica 
evaluation. The standard deviation of 0.1408 for the krypton procedure further 
reflects the accuracy of the present method when compared to that for the N.O 
technique of 0.125. 

The close agreement between mean values observed for the Kr’ and N.O 
procedures on subjects with cerebral blood flow rates well above and below 
normal values indicates its applicability for clinical studies since the saturation 
and desaturation time phases, as utilized, are sufficiently adequate for abnorma 
flow rate measurements. 

Finally, if the results presented in this preliminary report using the Kr 
procedure are confirmed, important studies such as the effects of various anes 
thetic gases on cerebral hemodynamies and acute conditions with changes it 
rapid peripheral vascular resistance previously not possible with N.O > could 
now be obtained. 


SUMMARY 


A simple rapid method for measuring the rate of cerebral blood flow wit 
Kr’ is deseribed. Results presented suggest that this procedure describe: 


is as accurate as the standard nitrous oxide methods. 


We wish to acknowledge the cooperation and technieal assistance of William | 
Young and Julia V. V. Johnson of the Metabolie Research Laboratory, and Miss Eleno 
Zekas, Anesthesiology Isotope Research Laboratory, District of Columbia General Hospit: 


and Talbot A. Chubb for developing methods of calculation and statistical analyses of dat 
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A SIMPLIFIED DIAGNOSTIC TEST FOR GALACTOSEMIA 


V. Scuwarz, B.Sc. (Lonpb.), Pu.D. (Mane. 
MANCHESTER, ENGLAND 
A laboratory test is presented for the specific diagnosis of galactosemia, 
eithe rat hirth or late - The test requires U.Z ml, oT blood and can be comple ted 
in a few hours. It is based on the inherited deficiency of uridyl transferase 
and the consequent inability of hemoluzed eruthrocytes to respire on galactose 


phosphate as subtrate 4 


SURVEY being conducted at this time indicates that galactosemia is no 
A longer a clinieal curiosity: in the last few years at least 50 cases have 
wen diagnosed in the United Kingdom (some of them post mortem). The 
desirability of an early diagnosis has been referred to previously.’ All sib- 
nes of known galaetosemie patients should be tested at birth. The total 

mber of individuals who qualify for a diagnostie test may, therefore, be 
ich greater than the number of eases reported in the literature. 

The laboratory tests for galactosemia described in the literature’ * are 

consuming and somewhat tedious and require at least 2 ml. of blood. It 

s felt that a simple test requiring little blood and capable of affording a 
‘itive diagnosis in a few hours would prove useful to routine laboratories 
might lend itself to screening of mental defective individuals and others. 

The test deseribed requires 0.2 ml. of blood and has been designed to use 

inimum of expensive reagents. It is based on the facet, discovered by 
Naleckar and co-workers,’ that normal hemolyzates, suitably fortified, respire 

ely on galactose-l-phosphate as substrate, whereas galactosemie hemoly- 

do not. Kirkman and Bynum' have recently deseribed a manometric 

of uridyl] transferase based on the same principle. In our laboratory a 

sii lar assay has been developed and will be reported in due course. The ex- 
nee gained with this assay has stimulated development of a simplified 


: juantitative micro-version for diagnostic purposes. 


MATERIAL 


neiple.—The oxygen uptake of a hemolyzate is measured on galactose-l-phosphate 

trate. Controls are put up simultaneously, using (1) no substrate, (2) glucose-]-phos 

s substrate, and (3) a known normal hemolyzate plus galactose-l-phosphate. This 

tion of checks verifies that (1) the patient’s hemolyzate does not respire without 
(2) the patient’s hemolyzate respires normally on glucose-l-phosphate; and 

galactose phosphate solution is an adequate substrate for normal hemolyzates. 

m the Departments of Child Health and Pathology, University of Manchester, England. 
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{pparatus.—The apparatus consists of a thick-walled Pyrex capillary tube, about 8 em 
long, internal diameter 1 mm., which has been sealed at one end and blown into a bull 
approximate diameter 6 to 7 mm.). \ mark is made on the stem 3 em. from the seale 
‘apillary. The tube is filled with a solution of silicon,* emptied, and then dric 


a Four tubes are required for each assay. 


Glucose-l-phosphate, dipotassium saltt: 50 mg. per milliliter, 
” CGirlaetose l-p Osphate, barium saltt: to 3 me. dissolved n 2D wl HOO in a sm 


onical centrifuge tube, 25 wl of saturated K.SO, solution is added; the mixture is. stirre 
well and then centrifuged for 10 minutes. The supernatant is transferred to a small tul 
contains 2.0 mg. uridine diphosphoglucose UDPG **90"" 


3. Hemolvzate diluent: 300 mg. nicotinamide and 5 mg. methvlene blue are dissolve 


in a mixture of 9.5 ml. 0.1M potassium phosphate buffer, pil 7.4, and 0.5 ml. O.IM MeSO 


Triphospopyridine nueleotidet (0.75 mg.) is dissolved in 0.5 ml. of the above mixture 


vive the diluent solution. 
These three solutions ean be frozen and kept for several days, 


}. \pproximately DN potassiun hydroxide. 


METHOD 


The patient’s blood and that of a normal individual (0.2 ml.) are transferred to 


ora 
ated eonieal centrifuge tubes which contain 10 to 12> ml. ice-cold saline. After this 


mixed and centrifuged for 5 minutes, the elear supernatant is removed and the cells 
resuspended in another 10 ml. cold saline and centrifuged 10 minutes. The supernata 
is removed ar d the cells are frozen they ean be kept frozen for several days ‘ After th: 


ing, the volume of hemolvyzat 


f 


estimated, or measured in a pipette, and an equal volur 
of diluent solution is added. 


By means of a drawn-out Pasteur pipette, calibrated approximately at 3.5 and 25 ul, 
ul of water, glucose-l-phosphate, and galaectose-l-phospate solutions, respectively, are tr: 


ferred to the bulbs of 3 reaction tubes, followed by 25 ul of diluted (patient ’s hemolyzat 
\nother 3.5 gl of galactose phosphate solution is placed in a fourth tube and 25 yl of dilut 
normal hemolyzate is added. With a little practice this operation can be carried out w 
out allowing any of the solutions to rise into the capillary stem. Should this oecur, 


centrifugation will return the liquid to the bulbs. 


The four tubes are placed in a Water bath at 37 (,. for 5 minutes with about 1 
of sten protruding above the water level. The tubes are then sealed by introducing eno 
ON potassium hydroxide to forn 


close to the mark. The tubes are returned to the water bath and after a further 10 minut 


a liquid column 1 to 3 mm. long, with the lower meniscus 


equilibration the distance of the lower of the potassium hydroxide meniscus from the 1 


is measured with a ruler. The zero of 1 


e ruler should be placed against the met is 
immediately after withdrawal of the tube from the bath, to ensure that the measure 
is not affected by the shrinkage of the gas volume consequent upon the lowered temperat 
The tubes are then ineubated for a few hours, or overnight, and the position of the meniscus 


s then recorded onee more, 


INTERPRETATION 
\ normal hemolyzate respires both on glucose phosphate and on galactose phosplh te 
whereas a galactosemie one respires on the former only. The volume, as indicated by 
meniscus of the potassium hydroxide in the tube of galactose phosphate, will ther 
remain unchanged (+0.5 mm). The meniscus in the substrate-less (water) tube should | !s 
remain steady or rise slightly , Whereas that in the tube of vluecose phosphate should 
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vi 


osphate which contains normal hemolyzate should fall several millimeters, 
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HS.) 


‘ral millimeters. The meniscus of the potassium hydroxide in the tube of galactoss 
indicating that 
substrate is satisfaetorvy. 


RESULTS 


In an apparatus of the given dimensions, the respiration of normal hemoly 


CS C1VeS a rate ot fall ot the Meniscus ot the potassium hydroxide ot ay) 


roximately Limm. per hour (range 0.6 to 2.5). Since the respiration ceases 


; 


er a few hours, incubation overnight gives values ranegine from —6 to —16 


The results obtained with 7 galactosemie patients are shown in Table I. 


E I. GALACTOSEMIC PA’ Is CHANG o OSITION OF MI 1 - MILLIMETERS 
KATH 
PATIENT GAL-] G-1-pP WATER 
D. B.J. 0 5.0 + 0.5 
Ss. Bh. . () | 5 OD 
c=. OD gy 0 
S. J.D. + O19 [2.3 Lo 
\.D. (), GE 1.5 
Jd. kh. 0) 72D 0.5 
. o's. + 0.5 S 0.5 
rmal subjeets (20 6 to 16 6 16 0.5 to ts 


DISCUSSION 


If the checks are satisfactory, an unchanged potassium hydroxide level 
» mm.) establishes the diagnosis of galactosemia. On the other hand, a 


Ol 


more than 1 to 2 mm. indicates that the patient is certainly not homo- 
us for galactosemia. Therefore, the test furnishes the elinician with a 
ble diagnosis within a few hours of birth. 

rhe technique is such that none of the volumes or coneentrations of 
ents are critical, so that neither the weighings nor the pipetting need to 
ried out with any high degree of aceuraey. For this reason and to 
rve reagents, the smallest possible volumes of expensive reagents have 


used, 
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FURTHER MODIFICATION OF THLE BENZIDINE METILOD FOR 
MEASUREMENT OF HEMOGLOBIN IN PLASMA 
DEFINITION OF A NEW RANGE OF NORMAL VALUES* 


G. BK. Hanxs, M.D., M. Casseux., B.S., R. N. Ray, M.D.,** anp 
H. CHaAPLin, Jr., M.D. 
Sr. Louis, Mo. 


1 method is de scribed which minemizes artifactual hemolysis du ing the 


a blood sample. Plasmas from samy ‘Ss SO collected from no mal 

hiects contain such low concentrations of hie moadlobin as to be unmeasurable h / 
thie most sensitive availabl methods. The refore, efforts were direct: d towards 
furthe modification of the benzidine method so as to achieve a areater than 
tenfold inercase in its sensitivity. The resulting modified beneridine method 
is desc bed in de tail, with special emphasis on the relative stability of the 
arivous agents and on the principal ariables requiring strict cc ntrol. The 
accuracy of the method for measurement of concentrations of hemoglobin in the 
ange of 0.16 to 0.58 mg. per 100 ml. ts illustrated. along with the results of 
ecovery expe imconts whieh indicate lack of inhibitory activity in any of the 
normal human } lasmas cramined. Re pe ated measurements of plasma hemoglobin 


concentration in a resting normal subject reveal cssentially no fluctuations ove 


a2 how pe riod of obse ation. Measurement of plasma hemoglobin concentra- 
tion in TS ambu latory and 10 sleeping normal subjects yield a mean value oT 
0.31 mg. per 100 ml. (range, 0.16 to 0.458 mg. per 100 ml). The potential of the 
method fo future studics and its emportanee for an understandina of normal 


erythrol inetics are discussed. 


NOWLEDGE of the normal plasma hemoglobin concentration is fund 
K mental to an understanding of normal erythrokineties and of patholog 
hemolytic states. There has, therefore, been a sustained interest in improvir 
methods for quantitative measurement of hemoglobin in human plasma. Fi 
and Watson’s pyridine hemochromogen method,’ proposed in 1942 as a si 
stantial advance over the Bing and Baker modified benzidine method,’ w 
useful for hemoglobin concentrations above 15 mg. per 100 ml. but was sub): 
to wide error at lower hemoglobin coneentrations. In 1956, Crosby and Fur 
deseribed a further modifieation of the benzidine method which permitted 
curate measurement of hemoglobin concentrations in the range of 2 to 201 
per 100 ml. 
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Definition of the concentration of hemoglobin in the circulating plasma of 
ormal human subjects has been impeded by two major difficulties: (1) variable 
rtifactual hemolysis incident te collection and processing of the blood sample, 
nd (2) lack of a method for accurate measurement of hemoelobin at coneen 
ations below 2 me. per 100 ml. Hartmann and Auditoret have recently re- 
worted that when meticulous care is exercised in the collection of blood, plasma 
emoglobin values for normal subjects will generally be < 0.5 me. per 100 mi. 
When we devised a method for blood collection which minimized artifactual 
emolysis, the nermal plasmas so obtained contained too little hemoglobin for 
ecurate measurement by any currently available method. 

The present report describes the new method for blood collection and a 

rther modifieation of the benzidine method for hemoglobin measurement which 

ereases its sensitivity tenfeld. A new range of maximum normal values for 


asia hemoglobin concentration is defined. 


MATERIALS AND ALETHODS 


\ ‘ Subjects All subjects ere ¢ ! ealthy iedical students or laboratory 
| bet ( ives of 20 to 40 Vy s 

Blood Colleetion.—A 12 ineh length of polyvinyl tubing (3 mm, internal diameter 
whed to the hub of a sterile 15 gauge blood donor collection needle. The needle was 
| cleanly into the vein and the first 4 ml. of blood to flow freely from the tubing 

lisearded. Eight milliliters of freely flowing blood was then collected in each of 2 


oated 12 ml. centrifuge tubes whose interiors were coated with a fine mist of heparin 


0 units per milliliter delivered from a simple plastic atomizer. The volume of 
solution in each tube did not exceed 0.05 ml. No mixing of the blood with the anti 
ant solution was required. Care was taken that no blood touched the wall of the tube 
final upper level of the collected blood, The tube was promptly capped with 


ne 
Sepa atio of Plasma. Acid washed glass “are nsed S times in listilled water Was 
all subsequent steps. The blood samples were centrifuged for S minutes at 2,000 
a table model centrifuge with a radius of 15 cm. from the center to the bottom of 
] 


rifuge cup. The supernatant plasma was transferred to a clean glass tube and recentri 


2,000 rp.m. for 8S minutes. The plasma was transferred to a second clean glass 

er the hemoglobin content was measured within 4 hours or the plasma Was frozen 

at —20° C. until the determination was made. Any fibrin encountered in thawed 

s could be removed by centrifugation without altering the results of plasma hemo 
ers re The 


Crosby and Furth Method for Mcasurement of Plasma Hemoglobin.—The procedure 
‘“d out as detailed by the authors. To 1 ml. of 1 per cent benzidine base dissolved 
cent acetic acid was added 0.02 ml. of solution to be tested, followed by 1 ml. of 1 
hydrogen peroxide solution. After vigorous mixing, the solution was allowed to stand 
temperature for 20 minutes, and 10 ml. of 10 per cent acetic acid diluent was added. 


reaction mixture was incubated for 10 minutes at room temperature and its optical 


vas then determined in a Coleman Junior spectrophotometer set at 515 X. 

dificd Method for Measurement of Plasma Hemoglobin. 

paration of purified benzidine: The purification procedure is based on the prin 
itlined by Bing5: 1) Thirty grams of benzidine baset is dissolved in 200 ml, of 
nt ethyl aleohol with the aid of gentle heat and allowed to recrystallize for 24 hours in 
gerator (approximately 4° C.). The suspension of erystals is filtered with suction 


rathon, a Division of American Can Company, Menasha, Wis. 
latheson Coleman and Rell, Div. of Matheson Company, Inc., East Rutherford, N. J. 
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und the crystals are washed with 100 ml. of ive-cold 50° per cent ethyl alcohol, 2) The 


crystals are redissolved in 200 ml. of 70 per cent ethyl aleohol with gentle heat, allowed to 
crystallize for 24 hours, are refiltered, and Washed as previously. 3) The erystals are re 


ssolved in 150 ml. of 70 per cent ethyl aleohol with gentle heat and after the addition of 


Gm. of norite decolorizing carbon the mixture is heated below boiling for 5 minutes. The 


ot solution is filtered with suction through a heated filter, and the filter is further rinsed 


with LOO ml. of hot 50 per cent ethyl alcohol. To the hot filtrate is added 2 Gm, of norite; 


the solution is mixed and heated for an additional 5 minutes and refiltered through a heated 


filter with a final rinse of 100 ml. of hot 50 per cent ethyl aleohol.  ¢ rystals are permitted to 


form in the final filtrate during 386 hours at 4° C. $+) The erystals are then separated by 
a filtration with suction, washed with lOO mil. of ice cold 50 per cent ethvl alcohol, and al 
lowed to dry partially with suction for 30 to 60° minutes. ) The crystals, which appear 


as spicules and plates of white-ivory colored material, are placed in a brown bottle and 


dried in a vacuum desiccator overnight. Thirty grams of benzidine base yield approximately 
10 Gm. of purified benzidine. The purified benzidine may be stored for up to one montl 


in a dry closed brown bottle; if stored for longer periods, the bottle is kept in an evacuated 


desiccator. 


f 


Preparation of hemoglobin standard solutions: \ stock solution of hemoglobin = ts 
prepared by washing fresh red cells 3 times and making up to a hematocrit which will pro 
vide a hemoglobin concentration of approximately 10 Gm. per 100 ml. The suspension 


hemolyzed by repeated freezing and thawing and the stroma are separated by hard centri 


fugation. An aceurate hemoglobin determination by the eyanmethemoglobin method is th 


made on the supranatant hemoglobin solution and the volume of the solution is adjusted t 
provide a concentration of 10 Gm. per 100 ml. The stock solution is frozen and stored at 
20° C. when not in use and remains stable for at least 6 to 8 weeks after preparation. Wit! 
calibrated pipette 20 ¢. mm. of the stock hemoglobin solution is added to 100 mil. of 0.1M 


sodium chloride solution in a chemically clean volumetric flask, thus providing a solution « 


2 mg. of hemoglobin per 100 ml. Additional dilutions are made to provide hemoglobir 


| 
concentrations of 1.5, 1.0, and 0.5 mg. per 100 ml. Sinee the dilute hemoglobin standat 


are somewhat unstable (see Results), they should be measured within 15 minutes of prepar: 


lon, 


¢ 


Veasu cement of he mogdlobin reagent: Three per eent hydrogen peroxide Ih wale 
redistilled in glass is freshly prepared from a stock 30 per cent solution. Seven tenths pe 
cent purified benzidine solution is made up in glacial acetic acid. When suitably purific 
benzidine base is employed, the solution is watery clear. The benzidine solution should | 
used for measurement of the hemoglobin standard solutions immediately after its preparatl 

i.e., Within 10 minutes; see Results for explanation). Although slight darkening occu 
the henzidine solution is suitable for measurement of plasma samples at at 


on standing 


time during the 6 hours after its preparation. 

Procedure: Four tenths (0.4) milliliter of plasma or other solution on which hemoglol 
measurement is to be made is well mixed with 6 ml. benzidine reagent. Two tenths (0. 
milliliters of 3 per cent hydrogen solution is added, a stopwatch is started immediat: 
and the reagents are mixed vigorously. Exactly 314% minutes after addition of the hydrog 
peroxide reagent the optical density is read in a Coleman Junior spectrophotometer set 
700 X. Zero optical density is determined against distilled water. A reagent blank, « 
ploying 0.4 ml. of hemoglobin-free 0.1M saline, is run at the beginning and at 20 minute 
tervals during a series of measurements. The optical density of the reagent blank at 


minutes is subtracted from the 3144 minute readings of the test samples. 


RESULTS 


Crosby and Furth Modified Benzidine Method.—Measurement of stand: 


hemoglobin solutions over the range 1 to 20 mg. per 100 ml. gave results (F 
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itirely comparable to those reported by Crosby and Furth.’ It is evident 


Fig. 1 that hemoglobin concentrations from 0.2 to 2.0 me. per 100 ml. 


n the optical density range of 0.008 to 0.032, too low for accurate measure 
s of differences among samples in that hemoglobin range. Although some 
ase In sensitivity was attainable by reducing the volume of diluent and 


asing the concentrations of benzidine and hydrogen peroxide as suggested 


Vv the original authors, it was not possible by these means to inerease the sensi 


Vity 


he. 


of the method more than threefold. Furthermore. ereater instability of 








agent blanks was eneountered when these modifieations were emploved, 
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per 100 ml. yields an optical density of 0.220, compared to that of 0.016 in Fig. 1. 


Development of Further Modification of Benzidine Method.—A limiting 
to increasing the sensitivity of the Crosby and Furth modifieation of the 
line method was the development of turbidity in the reaction mixture if 
lume of test plasma was raised above 0.04 ml. It beeame evident that 


larger volumes of plasma could he employed if the volume of water present 
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in the final reaction mixture was reduced as much as possible. Thus, when thi 
benzidine was dissolved in glacial aeetie acid (rather than 90 per cent acetic 
acid), when the volume of hydrogen peroxide reagent was reduced to 0.2. ml 
(rather than 1 ml.), and when the 10 per cent acetic acid diluent was omitted, 
0.4 ml. of plasma or standard hemoglobin solution could be added without de 
velopment of turbidity. When the color reaction was allowed to proceed to the 
final violet pigment, measured at 515 A, considerable variation in results was 
encountered, and consistent linear standard curves over the hemoglobin rang: 
of 0.25 to 2.0 mg. per 100 ml. could not be obtained. Furthermore, samples o| 
plasma evidenced at least two rates of color development, a relatively rapid 
initial rate followed by a prolonged slower rate, and it was difficult to know the 
optimum time to read the optical density. 

On the other hand, when the initial green color development was measured 
at 700 A for standard hemoglobin solutions, the curves shown on the left it 
Kig. 2 were consistently obtained. It is notable that in the hemoglobin rang: 
of 0.5 to 2.0 mg. per 100 ml. the peaks of green color development occur cor 
sistently 314 minutes after addition of the hydrogen peroxide reagent. The 
peaks are sufficiently flat that little error will be introduced by readings take) 
at 314 minutes + 15 seconds. When the 315 minute peaks are plotted against 
hemoglobin concentration a straight line is obtained which Passes through zero 
Standard hemoglobin solutions which contain 0.25 me. per 100 ml. (not show 
in Fig. 2) are still within the linear range of reaction. With respect to gree) 
eolor development, plasma samples uniformly showed optical density curves 
entirely comparable to standard hemoglobin solutions, consistently peaking 
314 minutes. It should be noted that a solution which contains 1 me. of hem 
globin per 100 ml. provides an optical density of 0.220 compared to 0.016 | 
the earlier benzidine method (ef. Fig. 1). 

Stability of Reagents, Standard Solutions, and Plasma.—llydrogen peroxis 
solutions remained stable for at least 6 hours after dilution with the 30 per cent 
stock solution. Seven tenths per cent benzidine solution was observed to 21 
relatively high ‘‘blanks’’ (O.D., 0.100 to 0.110) and up to 380 per cent hig! 
optieal density values (corrected for the blank) for the hemoglobin’ standa 
solutions when used immediately after its preparation as compared with ‘0 
minutes later. Between 90 minutes and 6 hours after its preparation, no furt! 
instability of the benzidine solution was observed. By contrast, the opti 
density values (corrected for the blank) for hemoglobin in plasma = samp!es 
showed no variation, regardless of whether the benzidine solution was used 
immediately after its preparation or at any time during the ensuing 6 hous 
Hemoglobin standard solutions which eontained more than 1.5 me. of hemoglo} i! 
per 100 ml. appeared stable for at least 6 hours after preparation. By contr: 
more dilute hemoglobin standards reacted progressively less strongly with 
benzidine reagent the longer the interval after their preparation from the st 
hemoglobin solution. The loss of reactivity was greatest during the first how 


after preparation, was greater the lower the hemoglobin concentration of — li 
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solution, and was unintluenced by buffering the O.IM sodium chloride diluent 
ver the pil range of 5.0 to 8.0. For example, measurement of a O4A me. per 
100 mi. standard solution would give an optieal density of 0.090 Immediately 
ter its preparation and 0.060 when measured 4 hours later. Plasma samples, 
egardless of their hemoglobin concentration (in the ranee of 0.25 to 2.0 me, 
er LOO mil.) showed no evidence of declining reactivity with the benzidine re 
vent, Whether measured immediately after separation from the red cells (within 


20 minutes of blood collection). atte 


‘6 hours standing at room temperature, or 


ter several weeks stored at —Z0° 
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Iiffect of volume of hemoglobin reagent on time of color reaction peak. As the 
of hemoglobin containing solution added to the re ction mixture is decreased, the peak 
fn color development shifts progressively to the right. Comparison of the upper and 


raphs indicates a comparable shift to the right independent of the absolute amount of 
bin added to the reaction mixture 


actors Dete rmining the Time of the Peak of Green Color Development. 

ipertant factor in the determination of the rate of color development is the 
e of test solution added to the reaction mixture, as illustrated in Fig. 3. 
vident from the eurves in the upper graph that if decreasing volumes of 
solution are employed, the peaks of green color development shift pro- 
. vely to the right, in contrast to the consistent 314 minute peak pattern 


S in Fig. 2. The same phenomenon is illustrated by the curves in the lower 
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graph where volumes of O.L and 0.4 ml. of test solution were emploved to deliver 
the same absolute amount of hemoglobin to the reaction mixture. Plasma 
samples which contain a high concentration of hemoglobin must be diluted suf 
ficiently to permit the use of a full 0.4 ml. in the reaction mixture if the 314 
minute green color measurement is to be standard procedure, 

Another factor which determines the time of the peak development of green 
color is the concentration of hydrogen peroxide emploved. When a 2 me. per 
100 ml. hemoglobin standard solution was measured employing various hydrogen 
peroxide concentrations in the range 1.0 te 7.5 per cent, the green color peak 
was observed to shift progressively to the left with increasing peroxide concen 
trations. (Optical density curves for three representative peroxide concentra 
tions are illustrated in Fig. 4; in addition to the left shift, the sharpness of thi 
peaks and the inereasing absolute optical density values with increasing peroxide 
coneentration should be noted. Kntirels comparable shifts were observed when 


measurements were performed on plasma samples. 
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Fig. 4.—Effect of strength of hydrogen peroxide reagent on time and height of greet 
or reaction peak for a 2 mg. per 100 ml. hemoglobin standard solution measured at 700 
Note left shift of peak and increasing absolute height of peak with increasing hydrogen pet 
oxide concentration 


co 


When hemoglobin standard solutions are prepared in distilled water, rath 
than in 0.1M sodium chloride solution, the peak of green color development 
shifted to the right and occurs at approximately 6 minutes after the addition ¢ 
3 per cent hydrogen peroxide solution. Similar results are obtained for plasn 
and urine samples which have been dialyzed overnight against distilled wat 
Hemoglobin standard solutions which contained 0.85, 0.6, 0.4, and 0.2 per ce 
concentrations of sodium chloride all showed peaks of green color developme! 
314 minutes after the addition of 3 per cent hydrogen peroxide. It is therefo 
evident that the delayed peak of color development will be observed only 
markedly reduced salt concentrations (i.e., less than 0.2) per cent sodiu 
chloride). It follows that 6 minute optieal density values for test samples whi 


have been dialyzed against distilled water should be compared with 6 minu 
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optical density values obtained for standard hemoglobin solutions prepared in 
distilled water. 


Relation of Peak Height to Concentration of Chloride Ion.—When standard 
emoglobin solutions are made up in inereasing concentrations of sodium 
chloride, the absolute value for the height of the green color peak declines as 
the sodium chloride concentration inereases. The magnitude of this effect is 
vreat, amounting to a 40 per cent fall in optical density over the sodium chloride 
range of 0.2 to O85 Ginw per 100 ml. The suppressant effect can be shown to 
depend entirely on the coneentration of chloride ion and to be unrelated to the 
sodium ion concentration over the range of 0.0 to OSM. A similar suppressant 
effeet is not observed for bicarbonate ion, the other major anionie moiety in 
human plasma. Therefore, in the preparation of hemoglobin standards 0.1M 
sodium ehloride has been used as the diluent since its chloride concentration 1s 


comparable to that of normal human plasma. 


Accuracy of the Method—Ten measurements of plasma hemoglobin eon- 
centration were made on each of two samples of normal plasma. For the sample 
of lower hemoglobin content, the mean value was 0.16 me. of hemoglobin per 
100 ml. with a standard deviation of 7.7 per cent; for the sample of higher 
emoglobin content, the mean value was 0.55 me. per 100 ml., with a standard 
leviation of 3 per cent. Somewhat greater variation was obtained when single 
leasurements were made on 10 separate samples of plasma obtained from a 
single blood collection: mean, 0.16 me. per 100 ml. (S.D.. 10.6 per cent) and 
0.58 me. per 100 ml. (S.D., 12 per cent). The latter data almost certainly re- 
leet variations in artifactual hemolysis incident to the collection of blood in 
) separate tubes and the 10 plasma separation procedures. 

Storage of Blood Sample Prior to Separation of Plasma.—To define the 

portanee of time and temperature of storage during the interval between blood 
lection and the initial centrifugation, blood from a single donor was collected 

10 tubes, one of whieh was centrifuged immediately; the plasma separation 

as performed as rapidly as possible. Three groups of 3 tubes were stored, 
spectively, at 1 to 2° C. (iee water), at 28° C. (room temperature), and at 

(. (warm air ineubator). One tube from each group was centrifuged and 

plasma was separated after 15, 30, and 45 minutes of incubation. The re- 

lts of plasma hemoglobin measurement on the 10 plasma samples (Table I) 
licate no effect of the time and temperature variables on the final plasma 
moglobin values. 

Suitability of Different Anticoagulants.—To a single pool of normal plasma, 

arinized as deseribed under Blood Colleetion and having a plasma hemo- 

bin concentration of 0.35 mg. per 100 ml., hemoglobin was added to raise the 
oglobin concentration to 1.35 mg. per 100 ml. To 3 mil. aliquots of the 
| appropriate volumes of 4+ per cent trisodium citrate, ** balaneed’’ ammonium 
| potassium oxalate, acid citrate dextrose (U.S.P. formula A), and 5 per 

EDTA anticoagulants were added. After 15 minutes’ ineubation at room 

perature, duplicate measurements of plasma hemoglobin concentration were 
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TABLE | EFFECT OF STORAGE OF BLOOD SAMPLE PRIOR TO SEPARATION OF PLASMA 
SMA HEMOGLOBIN ( ‘ I ( hoo Mi 
AFTER STORAGH ) 
shOOD LMP ~ ) DA on ID. ‘) 1D 1I\ 
No. storag O45 
} ( O55 xi (45 
a ( 60) i eed i) () 
7 (" O.45 O50 O50 
EI Rec RY | I 1} ADDING STAND » TleMon sy ) 
HEMOGLOBIN ( how Of 
\ + I I OLS! } ’ } ht c'¢ 
Sample A 0.32 
Sample plus 0.3 me. per 100 0.60 0.62 ) 
Sample B O.44 
Sample plus O.8 mg. pet Oo | 0.70 0.74 S7 
Sample © 0.32 
Sample plus 0.8 mg. per 100 0.60 0.62 ) 
Sample D 0.438 
Sample plus 0.4 mg. per 100 ml ).S2 0.8. y 
Sample E 0.55 
Sample plus O.4 u | 100 ml. O02 0) 9 
ABLE IIT. RercovERY EXPERIMENTS ADDING HIEMOLYZED PLASMA 
HEMOGLOBIN MG./100 oY// 
PLASMA SAMPLI OBSERVED k "ECTED RECOVERY 
Sample KF 1.10 
Sample G 36.00 
1:40 dilution of G in F 1.90 2 00 89 
1:80 dilution of G in F 1.50 1.55 So 
TABLE IV. PLASMA HEMOGLOBIN CONCENTRATION IN NORMAL SUBJECTS 
Pl ASVIA Hil NDOGLOBIN 
MEAN RANGI 
SUBJECTS NUMBER MG./100 ML.) wG./100) MIL. 
Ambulatory 15 0.32 0.16-0.58 
Sleeping 10 0.30 0.20-0.57 
Total 95 0.31 0.16-0.58 








made and the results were suitably correeted for the small dilution effect of 1] 


added anticoagulant solution. The sample which contained trisodium. citrat 


wave the expected value for hemoglobin concentration, indicating no inhibites 
effect of the anticoagulant upon the benzidine reaction. In the presence of t! 
other three anticoagulants the plasma hemoglobin concentrations were only + 
per cent of the expected value, indicating some inhibitory effect. Heparin 
the amounts used throughout the present study had no effeet upon the measur 


ment of hemoglobin in plasma. 


Recovery Exrperiments.—To five samples of plasma of known hemoglob 


coneentration, sufficient hemoglobin solution was added to raise the plasma hen 


globin concentration by 0.3 mg. per 100 ml. (3 samples) and 0.4 mg. per 1! 
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} 
il 


|. (2 samples). The results shown in Table IL indicate a mean recovery of 
9? per cent of the added hemoglobin. To 2 additional samples, the hemoglobin 
was added in the form of plasma of known high hemoglobin concentration, with 
recoveries of 89 per cent (Table III 
Plasma Hemoglobin Concentrations in. Normal Subjects. Table IV sum- 
marizes duplicate plasma hemoglobin measurements on 15 ambulatory subjects 
13 men, 2 women), indicating a mean of 0.52 mg. per 100 ml. (range, 0.16 to 
0.58). Samples drawn at 7 a.m. from 10 sleeping medical students revealed 
mean plasma hemoglobin concentration of 0.50 me. per 100 ml. (range, 0.20 


to 0.57 


MULTIPLE SAMPLES FROM RESTING 
NORMAL SUBJECT 





Plasma Hgb - mgm./!100m| 
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Plasma hemoglobin values varied within the range of 0.16 to 0.35 mg. per 160 ml. 
during the 2 hour period of observation. 


To illustrate the degree of stability that might be expected in a resting nor- 

subject, 7 blood samples were obtained at various time intervals over a 2 
uv period from an indwelling 15 gauge needle kept open by a slow drip of 
ine which contained heparin in a concentration of 1 unit per milliliter. The 
sults are illustrated in Fig. 5, and indieate that the plasma hemoglobin values 
within the range 0.16 to 0.35 mg. per 100 ml. during the period of observa- 
n. A somewhat wider range may be expeeted when multiple samples are 
tained at random from an active normal subject. For example, 10 samples 
ained at random intervals from one of the authors over a 10 month period 
ded a mean plasma hemoglobin concentration of 0.45 mg. per 100 ml. and 
ved from 0.30 to 0.58 me. per 100 ml. 


DISCUSSION 
The modified benzidine method described in the present report was de- 
ped to meet the need for accurate measurement of hemoglobin concentra- 
s in the range 0.2 to 2.0 mg. per 100 ml. It must be emphasized that the 
hod does not appear to have any advantages over the Crosby and Furth 
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method® for measuring hemoelobin concentrations time. per 100 mil. In fact, 
the latter method is to be preferred under such circumstances, since the need 
for dilution of the test samples Is climinated, even for samples ot Very hiol 
hemoglobin concentration.” The Importance of collecting the blood samples wit! 
care to minimize artifactual hemolysis cannot be overemphasized. The present 
authors have no assurance that their method for blood collection has eliminated 
artifactual hemolysis altogether; undoubtedly it has not. ILowever, the rela 
tively narrow range of plasma hemoglobin values for normal subjects and. the 
stability of plasma hemoglobin concentration in a single normal subject over : 
3 hour period of observation (Fie. 4+) sueeest that major artifactual variations 
have been largely controlled, 

In ne instance has plasma from a normal subject, even in the presence ot 
clearly evident alimentary hyperlipemia, caused turbidity in the benzidine re 
action mixture. The plasma from one patient with essential hyperlipemia was 
‘creamy’ and caused appreciable turbidity when added to the benzidine 1 
agent. After extraction of this plasma with 5 volumes of ether, it no longe1 
evoked turbidity and appeared to behave normally in the benzidine reaction 
Measurement of hemoglobin concentration of samples of normal plasma befor 
and after extraction with ether showed no significant alteration as a result o 
the extraction procedure. The plasma from a patient with multiple myelom: 
serum globulin 7.5 me. per 100 mil.) formed a gel when it was added to th 
henzidine reagent and was therefore unsuitable for measurement. No studies 
have as vet been made to attempt to cireumvent this rarely encountered diffi 
culty. 


Tables Tl and LLL emphasize thi 


The recovery experiments illustrated i 
sensitivity of the method, which is capable of reliable deteetion of changes in 
hemoglobin concentration of 0.8 me. per LOO ml. The results indicate that the 
was little Gr no free inhibitory substance in any of the 7 plasma samples include 
in the series. Nor has inhibitors activity heen observed in any of numerous 
plasma samples to which known amounts of hemoglobin have been added durin 
the course of unrelated experiments. 

Preliminary studies indicate that the modified benzidine method lends itsé 
well to measurement of heme pigments in dialyzed urine. The necessity 
dialyze urine results from the known propensity of benzidine to form insolub 
salts with acid radicals normally present in urine. It might be anticipated tha 
like urine, plasma from severely uremile patients would contain retained aci 
which would precipitate with the benzidine reagent. The authors have test 
only two such samples from patients whose plasma nonprotein nitrogen conc 
trations were 210 and 156 mg. per 100 ml., respectively. A heavy precipita 
was encountered when the first plasma was added to the benzidine reagent, 
light precipitate developed with the second plasma. After dialysis again 
distilled water, the uremic plasma no longer precipitated in the benzidine 1 
agent and was satisfactory for measurement of plasma hemoglobin concent! 


tion. Dialysis of plasma from normal subjects does not alter the value obtain 
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or hemoglobin concentration as lone as account is taken of any dilution of the 
plasma that may occur during the dialysis. 

It must be emphasized that the benzidine reaction is honspeelfic and detects 
Il substances whieh have peroxidase activity. Thus such substances as methemo- 
vlobin, myoglobin, catalase and peroxidase will all give a positive benzidine re- 
action. The present authors favor the interpretation that what is being meas- 
ived in carefully collected normal human plasma is in faet hemoglobin.  Llow- 
every, myoglobin may certainly be a contributing factor. It is possible that this 
roblem can be resolved by suitable quantitative immunologic identification of 
one or the other of the two pigments, Studies on ery stalline beef catalase indi 
cate that a solution which contains 3 me. of catalase per LOO mi. is required to 
vive green color development equivalent to a solution which contains | me. of 
emoglobin per 100 mil. It therefore seems unlikely that physiologic concentra 
tions of catalase in the plasma contribute slenificantly to the benzidine-reactive 
iaterial detectable in normal human plasma. 

Whether or not the benzidine-reactive material in nermal plasma is entirely 
ecounted for by hemoglobin, the new range of normal values can be considered 
s marimunm values for plasma hemoglobin concentration. Minimization of 
rtifactual hemelysis incident to blood collection is thought to be responsible 
or the low range of normal values in the present studyv—0.16 to 0.58 me. per 
100 ml. in contrast to 1.0 to 4.0 me. per 100 ml. previously reported by Crosby 
nd Dameshek.? Garby and Noyes> have recently presented a mathematica! 
odel which satisfies the plasma disappearance curves they obtained after In- 

wed hemoglobinemia in the range of 10 to 200 meg. per 100 mil. of plasma. 
Preliminary hemoglobin disappearance curves obtained by the present authors 
er the range 0.2 to 3.0 mg. per 100 ml. appear to fit Garby’s model closely. 
rom a knowledge of the daily hemoglobin turnever (approximately 6 to 7 Gm, 
d of the normal level of plasma hemoglobin, the mathematical model permits 
estimation of the per cent of the normal daily destruction of red cells which 
curs intravaseularly. If the normal plasma hemoglobin concentration is 0.5 
». per 100 ml., it is estimated that less than 10 per cent of the normal destrue- 
n of red eells oceurs bv release of hemoglobin directly into the cireulatine 
sma. This finding has important implications for a general understanding 
erythrokineties, especially when considered along with Bessis’’ striking 
nonstration of the transfer of iron directly from phagcevtized red cells to 
‘ly erythroblasts through the mediation of reticulum cells in the bone marrow. 
The stability of the plasma hemoglobin concentration in the resting norma! 
jects bodes well for subsequent studies of various physiologic stresses which 
eht provoke a rise or a fall in the plasma hemoglobin concentration in normal 
jects, Detailed studies of the effeets of circulatory stasis, heat. eold, sleep, 
reise, dietary intake, and other factors are in progress in our laboratory and 
be the subject of a second report. When the factors which determine the 
sma hemoglobin concentration in the normal subject have been more eom- 
tely defined, the method should lend itself well to studies of pathologie hemo- 


¢ states. 
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SUMMARY 


1. A method for blood collection designed to minimize artifactual hemolysis 
has been described. No mixing of the blood sample with its anticoagulant is 
required. 

”. A tenfold increase in sensitivity of measurement of hemoglobin has been 
achieved by further modifieation of the benzidine method. 
3. Application of the modified benzidine method to measurement of hemo 
elobin in human plasma has been described. A new range of maximum values 
for plasma hemoglobin concentration in normal subjects has been defined : 
0.16 to 0.58 me. per 100 ml., with a mean value of 0.51 mg. per 100 mi. 

$, Some implications of the newly defined normal range have been briefly 


discussed, 
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